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^ < . uSj ^ ill tilliS jSJ j jll ^il^j l_Aj£JI t ja cLluS 

^ill ^JUll ^ij Ul C^auij tOa. ^i^l ^L^ajiVI Cljiaul j tLr> ^1 jjfull 

ikV (Ail jaJ) AjfiUc^LS LS x±£ tAj£)U*ll -U^j ^llc ^ii 1-&A j 

(j^nnVlll ^uoiL Ail jA iljaJVI I^A ^ C-LLuJI .Aaiull £1*^11 j 

4ilfidll \ 5 J Jafl Ujjoi Jj^JU ^jlxll Ij^jjj ^JjjLolxll (J^xjl ^ jjjjJall 

<U£3 j foLu 31 j V J U£ XoC ^ lJjSJI IjAj .Ajauuall dt l^ja Uj 



.^JaJI ^ixl) ^i«J (J 4 cpajVl fjl&j ^Ufillj tUa.jijJLill 

AujLuij^Ij <jiujlall ^q^LaII ^"il>>>q (Jj&lII C5 ic-j .l$jj»*rvj jl Aillt 6^A 
Ujlij ABjJIj j£i]L> Aj^Will jjJ ^JUJI ujl^U-ft Cijj-alc. 

\ ^jUrL ^1^^. AjumBj ^JjSjjjj sIajVI I^A ^ u!j 
Jj^jj '(JJJJJJ ^j'j-^j <J-& ^LL^iJ tlihiaj 

^Jbb Lbjlj tJLa ^ A^jLk oj^Llo ^ SAiio CjUljjit J 

UiJ>_Ail 
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iS* JJ.V? <Ju2ja 4^3^11 I^A (jl jJC ^^Ic C5 JuC dixSj La^C 

Ajjj^II JJJJ 4 J*^l -^jl^ JJ^-^ iljjyafyl cc_jU£J1 uil^a »LP^J f** £J*>^ 
aJLocIj tSjjiHI ^Ujualla J&la. ^ ^JJ*-^'j '(Jf^' (^^J^ 
^ jl*J 4 1 ^» all jjc Jjjj a jjLa> Igic- < -U*J ^jll <LalgJl o 

i"^Til <Lk^l jfljoi l$jSalj-a ^ nV^ 

AjUoj j$i 4<Lftlxi! Aijauoll <jx AjjikJ La JSj jJ j$i L-jtjSJI Lai 
(3^1 djLsk^aJj ^3 LUll <sti^aj i^LalaJl L-JC-tlaj ^jaA (J J^jj 

tjjLiVl ^ j*i ujIjSJ ^> ja.Vl ^-liUJ! Uj .liA JSj Jjju ^UjVI 

9 



SjflsJI o^A cjj^" 1 CjL^gJ ^j* V £tJ^>* S-^J J '^^^V'j 

.Veil] (Ja*JI I^a ^jl (jjjLoa^ tl jjjS i^ij^l jtjjl Jc- ujs j 

Jj jaJ j 4^ jA j ^ja. ^ j]l ciSlj j t'^lk ^ill I .4ujLu)M ^JL^al 
jl jjiladjl .d j*J ^9 (JjL^ C5^J (jUajjuJI l$£.j*-a SJUjoij t jl Un'il l Ailj 

* J* cAiLS&Vlj j&JI ^cjjIj JS ?^jIa ^ J ^ CjULSSVI 

I^A (jVlimj Jajlt j£lj .^JLilj C5 j^I <— llj-^J IaJJ 

jV j 4^ajVj1j f£jV jtj t^V ji oW' <J^I l^i U^a UJc- 

LL^lal (jtuhl U*j Cj jaj ^j]| ^jLi I JjiLc l-uS tlu£ La Ale 
Cl&j y^bSlua^ ^l>n"l jl jjju liLo I JjjlLuU jDLoJ iUjpUjj 
Jaiull (J^J^l :OlSa iJaiull jl£ C sjjS CJj lluOj^a jl LuL ic-ua.) 

tiA Cli2jL-sa Jul ^jSJ J j LuUja J JjJ jJ ^jIjI cjj jjjj 

UK 
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ALjS 4£.Lu 44jjj AiUa 4 jjju ^ ( t-«-.,M«i ) Jjix 'i^jj 

^(jj^jlj^ AjjjuUaji ijjjjLjj^ 4 Jill Mfij^m'&iij c jaJ 

«^^-a*JI» jXui^^B iAjlAaJI j-aj lil Sjill .^JlxJl £-l^La ^ Sjill 
.Aju-u ^^ill ^ jiSSf *J^' f ui^ £-*J 

qa AjV Ajli S jjw > n lIljIS Lq^-aj * ji lIjI ^Vi 

6 ^A .SjL» AjI ^ai ^jjj^l djllj^aJi jl (JjljiSI claljLLa CjIjLLo 

.^aJl *UJ^' «^Jj^Bl iSjLyill <4ajI^>1I 
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i^Lu^l (jl Liajl ^aixj (j^lj .^jJJjixJl (Jjall ^J^Jj ^>*ic £jolLll jjSlI 

jUIl lit .AJilu S jSa jVI jA Uu JjjSU 4^ ^LSIjj j^I t^L*J 
^u^Jt AluJI JjS 4-Lui 400 ii* j^u Lit JA (Jc* 

^ CjIjJ <> SjUll J t^rjm J -llxJ Jjfl <lu. 400 Ala ^u^l 

<U& JJ*J La j ^lOL <UU JJ A-aJC.1 ^ J 5-4j|j 4£ J3k 

.<lo2kC J£j1j Jajjj Jji-J ^oiJl jl£ iCjSjll dlli ^ 
(jjS-a Ajl tJal jS JAp Asucl 4$Lo]l j-oiJl J^jj 

jLd&L ^1 jS j Aj^La ^13^1 ^ **LaII (jjfL (jl ^ ; T>J 

tA£ja^cJI S jill lij ^ La j^iJI *l jJ\ ^Luijj) JjL jl£ Ajl 

Jy-JI Iaa LI j^j ?ia^lLVI Jl ^Ul jcjj u±:l£ ^1 
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J JS1 il" JS1 M+iB ^j^ll .^Jaa^ ALU jj£ 

. A a l$j| ji J jLuC-L Aiilk^ ( j^ajl > n-s J c L^LU iAaLawo SjLo £a jjj 

i-i^A <iljauu j <A*jb Ajt>ijjaJj dljifl diA jIju 

o^A ^^iL/ljJ . A^JaJOx JJC j AjjI jJoC ^A Cjl£^pJI djA t^Ljaall dAc.lj3 
.lu Ann 

^auj j Cjljill aOA fraaJu tULiJ <Ajjill CjLjL-ajJI aOA Jjft 

jl Ai jS*-o (jjSj ^^jII c*13j AjuflLi. (L^liJ Lua £ jl jjj j! c L^jjj Laj3 Jaji jjjj 
j AJjUI djUII j^Sj ^1 ^ tojUjll <bllUlt LjUuaaull aJlA j . A-JaJA 
JaA9 CjI jjJI ^jcl V j .Cjj^b l^Jaauo jl -Ll j3 jAp CjI jjjj £Loa. .AjlILJI 
liA t^ju .^1 j3 ^ W^ -0 * ^ ajLall (^^^ U^J 

AjaUj jSij Ijj I jIUj .^Ijill ^ ^ ftjUJI <^*Jl jjjUjI ISjL . ^ 

LgJ j?* jjjj CjUjjj^I] (j-oj o jiJI Ajj£ ^ i Xi 3l ^j* AjjSx .3 jil! 
SjS UJJJ^I l^j ^ cff* J^J SfrL^ill JiJuj 

SjS (J?inirtj l^J^^w jjjj AjjoJI Cjljj^)j£Jy I ^jli J^.l j jla LA^)lai 

i^jVl i\J ij\ ili] SjLoII .(oyjLs <jc- 100 ^ ajljj Ajj^o 

dOA ^jSjj ^JJ ^J^'j O -1 LujLJ pjIaa (JjS 

J^j .A£ jaJ ...JmI jlS AjI^B ^ .£1 jtf 5Uj A£jaJli tilj tSiLJ 
Kit i rin J ^)S-oj 4Ajj1 ilLyil <*-fij^)la ^ Igili ^ AjjLa AjjUJI SjLaII 

Ajj JJPJJ j£ < f , L iaJJ L-ijLc j jAini AjjjC. Ajj j£ UiLujil i^iA < Uaij] 
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tLo ^jj ^fl Ajl j j >^iVi (jl (jfLoJ (illj (jA V^SIj]) jA Lo j .Igijxj 

tOaJjJJ 4SJ^uaa1I l^Jauij taifc SjLall tlA£ja> QAjJa 

tlgjc £>iA diljill Jj j ^Ija^j ^1 Cjljill iAju^U 

SjI^a. (il^jc. (JjSj LaAic .Sjl^aJI jA jj-a-a ^juiIj AjjA^JI ^ ^lxll ^3 

ii-o JS t k*l£U Jifyl ^^Ic l£ -lal j9 J-*^ 'Aim U -0 

tl ji£ UUj t 4 l3^ *Oj-<ull liA 

A$^J j <s k. I jji^x jSj ^11) J£ ^jSj Ajoi.%11 JL UjaL« Ajl 

AjI jjS Lllc oSj <J lit Ua J*jj V» 

liljLjalljJ jjlA-oJl ^ 1^ It AKjJu AJ l$Ju (JS (till jill jj-o ^Ijjl A kAA^ A^JJ 

^1 aJ Vj 4Cd jilL ^>3j ^] ^ ' -('^P^ ^> 

AJkOUll < ^aaj ^1 ^iaU! aLjUI ^Alq jA j 4(3^^ ^-V- 0 .^J^SB 
jA jL-al^Li .A^ Jj^LIuaII J^f« j tljJaJ AjxJlkll ^jlxllj JjjajJl j 
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Jjl uixllj U k 'AiW {jjia <jU iilli £aj .AiiU IjtjjJal L-ljj a j 

.jtduaVl Cut* ^Uokn 
l^lnkj ^^ic j^lS jj£ I^j <U£J tCiUa^lftll j L-ulL^I ^ ^ — ili^ 
Somnambules jil^j^ jp jl (^^S > a J^j 

J^U. l^ic ^jy 5bil£ ^jlc. ALI* ^ jk-i J *Ljjja» :(1965) 
<j£lj <jJi .«Sja.I j S-iu^ SjSa jl t Ji2kl j tjUjjSI ^Lt 

JjjXi <ui*_J AilU^ <^ j i^jl j Cil jill jJbdyiJ (j^j lij I j^A 

AJ jJUj jlS ? JLi&UI <> LjflC JjJ J Jlull Jlcj <Jk& YAialmJ 
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jL_: = L-il i> + Sjl^ 

$ljA — <Jjlaj + Sjl^. 
*1 a = Aj jJaj + oJ j^)J 

cilia. = (>□ J + jU 
<jjiaj = $,ljA + $,La 

AjjII 4_a.Laj dual j A Injnn t<Laj 4A£jujLq^q 4_/>j1VmI1 aifc jOjj 

.ajLu. Lis i^sij ^^ui* i^j ^ icjy^ 

A^. ^amuJI Sa^jll Aj^lsull ^jSf qp\ .1$jLj£j jojj <j^a*all 

Ujljill Aj^laj (jljjuij j jQj ' " ^ill <jl j^C> . AxjjVl jA-calj*JI Aj^)laJ klulS 
^jll A^jU jjll j AjjjUII 4Aj1J AnnVslI uijx Sac J^U> 

.(jjaJU jJflUMIj J jlall AjjSt 5JjUa Caau ojjj Jjj CjI jill Ajjlaj CajIjI 
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<*li A-iAuu La j Eucharistie ^jjj^UI ^Lj jaII ^ j^Ja <. La ^ixjj t (j^aj 
.Transsubstantiation .^aJI .iixJ ^ (jLjall AlLolJ jLJt 
^JjIjj *UjI» :13j1 (jAj^ill L-ajy^ JjaJVl Iji^l VULqj tilli liL 

jb j <xla2 cjSkjjJIj .laaJ! -IpJM ^*Jj gj >AA ^ \ Ul ^ 4^t*Ja]| 

.4ttjfl^ j LpL 4 ,nUJ ^jJl ^JjuAaII Aljuill ^Jj ( a-uCk L2*i li$i 4^4 uUjSJI ^ 
A uUj£JI) . . ,4.> iua> J£l ^»Luj £ clj^jt lit t jA ^^fLJjglfSJl ^^jui^ll 

( ■ A^ja!! ©iA jjuifljj jISqC-VI I^A jC difiSjj 4AjojIju»u JJ^I 

^jli ij^JjglS]) A uojSH AjjuoilLj ^Sij t^jl^o ujjLJj tSljjoll t^jjj^LJt 
.(1553 flc Trente ^jjj ^ ^>^> il* Lojj SjjJaU. Sjjac. jA cdJj 

o^A A_il£ ^yajLxJJ d jilt AjjlaJ jl j-lJJ 

J^kj ^-jLu (jl tUjtjJjc l^iij Laja wTi j J jVill ALIi jjc. 

?L^-Ljaj (jioJ V LftjjJ ^jI^aIIj (jLojlt JJC J ja^J ^jtj t(^J.uLftll J±uJl^ 
jSjiit ^jjij iiljUHll ^Ic: ^^1]) tjlajujjl Ajjiaj ^Jj^aJ 4j.h'iRj 

o jaJt-oj JJ«1j ^*Jall ^jl JU^bj jSuill ojia Jjlaj ^^iSj AjU «jtUI j» 

Li^Ut .cJjiB VI Jj15 jA L AlJI ^Ua ^ -uV 

o^A (j! tilui ^jj^ ^jUlt Wjm . jAjaJt j o^Loltj (j;iJ (jA-oill UaJbS 
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p. jJl ^^-aIsJI Uiaull ^^ajil CT* (3^" 

.ill ^<d^t <jU jJL ^L£JI JxVI (^i*J (jlS <ut £3l jll j 

.1600 Uj j Ua. tjj^l AjjI^J V j Sjill SjSa <jc ^ilj ^ill 

.ALE Vnml <JdJ^ £J*>^ Jf^ 3 ' j .1633 

cjUu^at i(1655 — 1592) ejtfl ^Digne <jp eiSJ 

a^A Jjj 4aJL g^all AcLaJ^j JjLa.j ^Ijfillj 0^ 

CjLLjaJlj ditjiJI ijjj JjjaJI t^iAaJI lJjS tftjjSiQj UuijSij tjjiajyij 
.1 j^l j jkaJ 4^JU tliA j iaa 
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• j^P '^j 1 UJ^ <Jaj* J^JJ 

£-0 jl ^ jIjJI ^tjjlj £-0 ^^Ujlj jl Ajjj j-*] \x\& L-flil j£ 
t^Ajuil*. Sjja> AjI jc Vj *C£^ ^ (j^ (J^a^AJJ j lAjLoilflll 

cj^i ^1 o jjill J^U ^ill ^Vi J 
j4A - u (jjISjl ja (jjxLaJu jl£ . jjKjlja jjxLxJn! ^j^aII ^Uaj]l 

Uu-aa. LiaLlj .Liijja tS.Wuti diLVjll tS-ipaJI 4j j j$ II 

IoaIc j t c 3cl jj^al! Ajilj ^ J^>' ^ill jA AjIj LalLc. jl£ 4j| *Lojj.1a1I 

.tliLjLMJjjL IL-alc. La. Ljijja ^ jl£ 4il J aiiuJI J^aaj (IjjJl^ 

jli] j« cliljjau]! (J^aJ ^5 J^' ^ (jSt JfLuJ (^illj 

ilajj *LJ| t5 ]fr i-Jju.n J Llujll jl Jaa>V dua> . IS jU> j Ijfth IjLuaJ 

jUn.nl 4Jl£^L jl£ Ja :Jlj .nil j . 2 fl00 UjjSj jl£a gkJ* liA AjUxj 
iiUwlb Lj>A4 jkwll J jSiL J jl£ ?^jLxll jLu^Vt Ija 

* * * * * L 

100 ^ 6 -10 Lai j±u) J»i -d jlj t A*yi a£U^ ^Lu^ 

^£1 toja^j ^»l l-jI mail ja*l I jj La L-ijtl V ^^^l ^ J .^jj3juJuI 

.l^a> S jjt > s\ CjjIS tlsUjjaJI jl 
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c_iL^Jb fUj gJJj Jjjlll jjS c ^ J Ja* ^j*. *u 

fUj (^jjluuui 150) CjUjjaJI <jc Aj]jI CjIjj^Sj J>^^j 

<jl j) . 4 <o n J ^ 6,1a <JLul£ iJaljSj-ojJ Ja£>La> ejjlao ^xj . Ia j>Vij 

(^jjJjjll Cjj j jjLxluaJ <jb jJI S <jJ Caj!£ AjuAij ial j2 jxjJ 

Jajk jLmJ jSb jl AjV tAlu> ^! Jfr AJjAio AjjIu^I uj-lJ 

Jj£tJ CJjliax jA La J^J^ 'U^j'jS ^jjLoLaJj jliaJ J ialjSjxjJ 

LUaJla! jl <i xil jlli (J-^VLjj <-U»JI j ijutfl ol <<l>lji]l 

tUajSj t jA liA 24 10 ^jj ^1 j 3 ^ Ait jLucLj < 3 fuu. 24 -10 

i jj^lc- jit ^^Ji ^Lkj^l ^JUJI IWi 4j4n.ii».i ^ill j) * J^aJI 

Aix^laJl L all 4-aJLuaJ qj^aLula 

Ua .CjUjjaJl UL-aj tCJjill (j& li^kJ 

uJjjJI ^jJJ J^A llo jJ t^jjjal^J ^jjjJiiS V^j;Lajg9oll (jJ^lA (jjj 4£l*JI 

.1 m£La juJa jJ ^»La c-^jui Jafl ^aJ 4j| j^jj V j itljUjjaJI j 

f*j ja>Uj fjjill toj^ij *l£ij SjJjLla J&Vl jbSlI <jjjSL«j£J1 

^] f^V^A . jAc* ^loit (jjill ja> tCilljjaJlj Cjljill Jn/il1 

l^ia tALiLi Jli j^lj AjjjIj ruJ CijjJI oil ja. J jI^Lj Ja^ ^ * 

. 23 10 x 6.023 jA jjjUjai jjc ** 
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^ill qaS ,Aji1ja ^ QnjiAi ^-Lo JSj ...C-iljj Aj jfLo IaIjj 

.SUB UaaJ Up Sis tjSJj <<> 
jjrflifl jjSlI AjI^j JaJ ^ill ^uuiLaJi ^^SjII Jl 

iljA lilt nij ^ill JU-JI j l*L*j£]l ^>-a^J L<u9 .pllE Sjjbuo) *Laj£]l j 

feJJ UJL ^j^Jjj ^jty u^=^U -UjjljaV 

C5 !a*ji . I^Jj^xj V Cjfi^J l^JjftJUj UjjiaSj j!LaJ t hmj 

(jj^ll^j dbaijjj |jUjl-Laj£]l o^»J ^Lak. ^jSlj AjjjtjflV c-jlt 
iL) ,U jjtuJl <±*2L« ;U Jljx Jak .fb^ill XcSjj UullJ 

^1 ^ Jajj LoAic 3^ /nil Jl L^ak j .Aj ^Ull ^ j^Lj 
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^Stij <1$jLj j£x (jjjl 1 g SjSiu U-O^ ^ LauJ 

&^A j j LjaxJ lg t^ir jl 4 u.>ullj Ifrui&j 1$ -LuaJ ^^ic lafll aJj 3 J^Vl a^A j 

^ (jjjj^lt cjJ^H Lg-^C' .^1] ..»2:3 1 1 :3 1 1 :2 Ju* 3Viuhj Lazuli 

jl 4.3 uj^j^ diLol jc. 3 jIajI (jc ^jjj lnu>n ^ >,»-> V JjILJLj 
(Jl j*aLxl\ (jIajI) ^1 <uiaj| ^ j . jj>>»^ jVl CiLljc 6.2 

Sj^a-a t . muj CjI jj tiljUullj JJlxjj db j^JI a^A j j Ailj^x 
AjV ^((j^ * I^A j) l-LolJI (jjjUl UfL (jxluix JJC.) ^Ja&a jSJiiJ (jjliij 

aJjj djljj £jj j <3 42 <> (^IS jUSill) CjU^jJI d iA 

<(H 2 0) P UU .OlujaJ rJtf B 

cjljj til jUjjj d jj JjSxJI t(CH4) jliuJIj 

O-a ^-jj^ Ajjja. jA c(HCl) JjH jjiaAA.j i<JJj^ jA J^jj-liA 

^LlojSSI j^l 4(1844 - 1766) jjSVI ujilb oi^ 1 ^ U^J 

<kuau]| Ciljill tilUA .djj jA IjiA J£ -Ulj 4 JumILj .Sj^flll ftjiA c>aaj 
J ^ 4j^nP u^J <-Jj tS.V^^ll till jill <i)LiA j 
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lilli «Sl jjj31» 4-jIIoj jl£ l^aIIj) «System of chemical philosophy 
(1850 _ 1776) jj^lo jil JIL^I j ^(1850 - 1778) ^J^t 

Sj Si Ijj L L^^jSJj t djl jl * 11 ^Jc- (<juj£j ^axJIj 4_uaiu j> ^) 

.SJAxxj A Injun 

SiUxJI CjIja!) ^VijnnB CitijjaJl <3Vij»inB dljill 4£j*x J 

9 1860^1— & pUoAI] JjVI ^JUI >j>1I AjI^II Ciajj* 
jj <d jjsu £ua> t(Jll jSfl jjll ^ jj) Karlsruhe a j^J JS 



uSSUjJ ^ U .(Iki jAj) H + O -> HO :<-i£d u>ab u 1 * *W 4jU£ia 
:ui3S d jj^jfll ij^'lj .(aSj J& 2H + O ^ H 2 0 JSm 

jAj o^uu£ <jj ja. ^ j^jjAia ^ Jc-^J «^ 2H 2 + 0 2 ■> 2H 2 0 

Jja. jjAjA Ai) ja. JJ^ ^ J ^ 'H+H "> H 2 J O+O ~> 0 2 
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C i(?j--uA) Li He H :>j <U CjI jill £ 

'U,*l£ Ufc^J + OJtjfc : L?' C + O2 -> C0 2 

JjC jjuU lJjjui ( jiS JaaJI ^>JiaJ fAj) 

^1 djUoi J V*-; V <U jilt 

jA ^jj-odll Jliafl .Jalj3jxLp JIS L£ «<Lulj» V] V] 
C^lji . JuJiiUL Jal jujVI ujljil] ojJ all oi* . j JO^JI 

S ji) NH 3 dlLp^oVl ^,5^ *(N) CjjJVI ^Iji <^ £-* -^AjVI 

£>J I4J CjLjJ j .(<illijj*Vl J* c^iil 4U^jjAiA ujI jJ d££j CjjjT 

•Ml 

jj^jj iCjlijj^ tujljj :<L^ <illjj] Sli ^^ic jjVh.11 iil lijj 

JjaJju ^plt 5ijiaJI til]j£j 1 3 jjS jp jjc AjjuI) JjJauj Ajuoij cliajJLs ^ ^ jj 

C + 2H 2 ► CH 4 
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...(jjl <AajIj cAJclij) (jrf*iit cjin"^ ^p^. djl ji ^ dJjLSuj 

jiii .^l_l>ji *i* jus cjijiu ^dij^ a&* aJ i+j o*£ 

"dJ jA 4^ AjJ U" . J*l£la JS A3] Jj jlJ + + oJij) 

Aj^IiS ^ AljjaJI .l£J^I O*^^' jA liA j tljUjJ ^^^jau 

AjJJSk ^ A^> J*.l<Jl ft jill 

AjIc (Jfilc jA Lc£ Ig-Jfr L-fljaSlI (j^«4J V j Ap jill 1 g > *aSl > ^A&j 

lit SJjlax 4_iL^kJdJ jl AjSjSai A-iL^al ^j^jLl^j ^Lojj AjjJ^JI . UjLlcj£ 
Ajj jaJI jjj£j ^ S^l j o ji AjujL jjij jt jSI jS . jJJaull lii J 
ujtjjjaJI d.jA (jjSj LaJjc ^jJL^ JSjJoJ ajjikVl oAA (j n*l > j ^ -i ul 

^j-o ^Jlxi .SjjjjJa jA lIAjuj^JI j till jill ^jjj JJJ/uII (jji A-iIc j •aj^ 

c__buOk.j ^jJajSI A^i^Aj ^cjujJ jj^oj Ajjiaill ^ «£l^all olj) 

.aJUJ) 
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^jl ^^>lua Mj^ jA lift <j£ AjjJiVlj 4<iial<Jl JjIjjoJIj iSLiaJI 
U-Luui (^lill ^A .aAjJa* AjC-LL-a jl jxj SAjJl^. t " )\ ^ jiaJj 

k^jM jj^j 

^till jjill ^lill *>JI JJLk ^L^£ll ^1 jB ^1 11a jl£ 

"JJjSlI JjAaJI tilli ^ Uj 5Jj$j^ <J ^ J tj^A J^ 3 
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Cixiija cjli i Jjj*jSU j ^li ja j^ilta JLcJ J*Jaii I jiKj] 

fj^ ^ ci'j <>" : JjSj l?^') g^Aw ^J 1 ' J^J J 



«•* • v 

jtj Mil ( j Lxj^)j (jJj kjjjLo ^jlS .^UjSI l^iti ^ijUSI cVjA ^jl jA ^jjjjiilll 

^ 2 J j! Jill j!** Sji L^DLk lIuIS ji^i jAc LS lc Igjb 

uail liA JiU cy^j IjOj u 1 ^ ^ .AjxjjISVI 

ujjjS CjUoifc jl .<=kjli AjjJaali aiA <j& 3-«l>U1I jjLolxII Cijl£ 

oaaj LJ .AjUa jj AjJjSc aJ t "Religion de la science ^1x11 jjj" 
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fJjJI" .LJa jjacU^Tij "CjULisJI iaj li&fcj tl^b J£l U^V 

iCjIjill L_fl3jJJ jlS ■ilSj&VI fJ& L-L3U t<JC- JJJ 

.tiA Uxjj J^ <*jU JjS*J1 Jc Ujlj^at JjjV 
duA^Jl ^^aSjJ 1950 ia^ljl 'UJ^JJ*^' J ^UojSII J liliJ 

jl£ L£) LaTj j^mi ^1 jj V ^jt <^ jj^ J dl jill ^jc 

us, 
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^LlojSJI jjajjII Ai^^o JjIaJ ^jSLoaII (ja iJaj^JllI d 1ft <a 
Jajl Jill ^ylc- CjI jjll t fllVm Sjiu V J fuJall JcljS <*-S&JZi 

1^1 ^1 uj^J^' ui* J .Cjljill dJA jal£^ ^ ^1 tl^jLujUlo 

^1 (jja>jj.li$J SjujSM Cjtjjll jIajVI jWu.n <—fl^uj AajjI 

(jtajxJI d ja^.^ ^jcLsj U J ^'j^ ^] L>^ 

j>«VMl <jx Clijj SjC ^auJaJ LoJLlC J iutJ JJA$\ (jSJ .CH4 

djlijj^ jjSj Cfl^ jil C5 j*aj .C2H6 U^?V' UJ^ O^J^ 1 l> OHJ^ 

JjIcj CH 4 *H 2 0 <C0 2 -W^l L^j^J^I <J£^ t> i^U-^ Ji\ 

,£l\ Jjj djLcUaSjlj iAiisuJa tijil j Jajl jj Cltjjll jjj «^JJ <jl 

Jib ^ .aJlA £ jlill CjVUJ ^^^olt jA JaJ jjll ^> £ jjjII lift 
'^>^VI <j-asull ^ L£j^' UJ^ 1 j » J ^ tJ^J j Jajlj^)ll (JjSj 

jil UxsljJ JjJ iJajljJ ^ ^Uaijl JS Ji jA 

.AjjS l$J£ — JLli _ Jajl jjll JjSj AjjLc. Ajj j± Jib j5! 

?CjUjjaJI JjiJ Jajjj Jajl Jill ^> ^ jj ^1 

.1994 k-j j£U Jj^ jl co^jIj t^l ji) Ujl^ t^j^aa ajj^jj jU <-jUS jiijl * 
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10 23 X 6.023 ^ji (CH 4 ) jM j> U> 16 Ijj 

^giSj 4jJ* •^jujLjJa .LjI jj I^jI jaJI VI^jjj JaJJJ ^ill Lxfl c AjjJ^ 

jA c4JuLjlLq jUuVl <J0^J VLftcl tlslkj jA UjIj t^jjJxjj LJL& (3^d 

^tlitjjjaJ ^ JajjJ J^*j^a aljlo V .jij-all ^ ^Llu ill) tlilaJ 

3a_cIS Ail jaj tA^L-Vl ^Ij^ll ^alSJI ^cl jil ILL 

(jt <j — — i nVll Lll jl till B (_>a*J (jL jLajQ iLiajl AjjujLwiI 

tlAjjj=J ^> j a ja.y 4j£ jLai S jAlLlI o^A ^Jj .(1.1 J&i jtjl) 

5 jjj^k JiS ^ tliliija* Sjc ^> jUjI) Polymerisation djaLB <^Jjil J 

ijS uJI ^1 Jjll L^aS9 ^ SJj^aJI jjJJ^ll tliljil (jS-oJ Ij&A j .(SjjjS 

till IjaJl j a 3 Ljia <L>Li *UacV cSJ^VLi ^ jS I^JJJJ (jl ijlliJ 

jl il iSUJI Jjl-J ^ (jjJJ^lJ A^jLioll Aj-aUJI diA J .ASjSa 5£)U*JI 

(jj jjSJI jl .Aa^JI cjUjI^II (JjSj jiai LoS tSjjjSJI d]Uj^)aJI »ja 

dj — >j cj( jicLjJ ^ ^IVnj j^VI jA t^jjmjljMtll ^A <^J^' tilLiA 

^jln"u>ijj c^alSjJI ^ljj j^VI jA tSi04 : UJ> u^j 

J usaVI A AjualaJI d^A j .^j±aA j^i JIjILj <£^jluj JaLijjVI 

(JjjjSJI 4(j-bjVI j SliaJI . > tfJl j till jlill j ^AjjJajVI ^I^aII (j^J^j ^ 
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Cavitand / Cryptophane 



Triple hdlicates 





Porphyre 




Bu' Bu> 



1.1 JS-A 

iCAlfijAi ijju ^ aJM^t CiUjaJ oi^ CiLhj jvijj is^j Jaki- 
- O 'LiKJL** = H iCyjl = N tjLyl y_J ^-leVl .Ujjfl 
.Botaditne Ck^Ji = BU* iJ&t* Porphyrne 
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* 

cJaj* — Ja ujil I J A . J^Lii* ujiL^J AiajA. Ufux ^jjoa.jljlo 

<i] — ujLqj ^jjLol j] ljal£ (JjSj tSjI^pJlj L_ia jjj J ^jfL^jj 

J£ kill till i 4 kjI^II gJoll CjI jjL -^iaxj Aili j^JI ^)JjIj Cnj jjiilJ 

VI 2U LijujLwiI I jj^ Ajiia jj«i^-5l jjjuaaJI l_Ul!j cADN Sjj^juIaII 

.^L^jjJUA :a^K]| &.ja j£ in! j .jj*Sfl ^jjim'i 

<£I .(OjL. 1 J^ jtM) jU#I A^ ilJ l«d .A^lill CAaUjVI 

Ajjill CjU^jjl J<uiu .ji>Lu!l lAjaLia] Jj^ ^ <4 jUull lift 

J£ J .likill ^ tljjj lil jLuVI Ajj^j AjJ^> aSjj tL^> Uj>>ii 

JlcJ La I OA j iCjIjill (JJJ AjjS Jajl jj ^jjjjLoJ CilAUuVI JS <jl£-o 
AjjjuiSj td^Lo ^A j tjj^j V li^Jj .AjL-all ^Ld^Vl 4iLjLoJ jjoj 

.d jj£]l 4 Lai > >\ j tLJLt 

Ajl^iUI Ai jiioJI CjI jill CjUasu CjI jtljj jji 6 oa aJUJI j 

^>judij La l^A j tdll jjLU Aja.jIa. UjljJaljJ <iUaC-V ^jSu jlj ^gTr 

S^Aa^-o LI j j ( ,hn^ Jl^JJ AjjJjuaa Uja^j CjIjjLII (illixJ iili-o tliLoJ 

*aJ> or^'j or^ 1 <ju^1\ JlSuiSfl d iA LJ ^jSj liUlj TULqj 

34 



Cijjjfll CjUx£^qj AjjujI^jJI ^JjJI (jj .balij ^jIj^ < CjUjJ mIU 

.^IjjL (NaCl) r UUI ^ J (FeS 2 ) 

^A j !AjjU f£l Sj ja^all (jplL l^Jj jj jtllill o^A 

(_^j1uia1I Jc jlaljj Jajljjll life ...Li^. jIIjIaII j Ual j6 jltkiiJjSlI 

dl jLiLo ujI jUIaj jjjSjJLj ^ jj jtLju ^1 < JjaJI (j juuaW l£J^ 

Jll lj! jtluB" :1784 f lc- gjjU ^aill Ji ^> djl jj oljUL 

."Sji]| jA ^iJI j* > nil J dbjuo V j^xux Jc ejLoUaajV 4d * J ya a> 

.^jjjljjJI ja (V^ 1 J ^UiA JJJ Sl£ Ji&l c^t) 

t lift* a\\ ^gJj Lu > n ill I^A jjj-all (, flj^j liLal jjudij (jl ^jJI ^jJadjoiJ j 

.Ju to cdlj Aju UjCJ 

^ <<illj Lblj L&j i jy*txu J (jS-ajj tAj^o Ajjj> 125580 ^^^j*^ 

A j£ a oil <AjjaJl cljLaLajJajVI JJC <jl J jilt jS-aJ ^gix-aJ !S^ix-o 

SjaII oOA (j^lj (JjjjIj^jSII Cj^ljVn bj^-o jAj t Jl^-J V <Uj]a3 
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Ja j^iJI L-jLSaSI ^ ^jV IJclioll J*-aaJ J jla^Jj dsljill Jt>i^j 
^jujLujVI (jj^Jl ^ djJJI 4djLo ^ UJ^ 6 UJ^ # (&'^ ^ 4V "^ ^ 
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2 



AjUaj 0^ SjS 

JlicS (IjVJj .^Ull l^ijxj V Aj*1J J^" i^W* J 

IxjJ ^JjoiC- Jju ^Jij y^iJl 4 ^)^£jJu> ^jL^Jb ^iXyd Jj3 ^j-o SJuAuj Jx2 

^ Ajj£> ^ill l^jj J j tlkL AJ jUUI ^JjSb J AjS <jLu VHo 
^jl j tljjj lift I jajS jjij *l j$Jl A^jlLo J j t^l jill J Vj laaau^a 

U^J Ajuajuj Ajj k!a! A— jjLa^JI t. 9«\nnll o'^tt> Ja* ^ j3 . \ \ 

. ^Lai^Vl -iajLuJ ^jD Aloe ^>Jjj Ix^JC- C jJaC (jjjjLJ (jjSlI J JJlc- 



^ .Ajjjja. dl j£ l^ja ^s"nin Uiijja Ixioi j Petanque (jllu]l - 

Grave 4 j ( j^ic ^jLJi uj*^) ^jl j ^ > »"> Graves 

Gravite — j*j J 1qj3j J j£ ^ — kj ^ j]1 4 — ^^Ul Gravis a <ol£ ajl^ 

•UJJ a^ L^i^i jl llLi ^1 "Grave" ^^loil Ljajl jilj . Gravitation j 
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jtLol Sac- J& c\ j^JI <xjlL» <jc ^>Li]l jj» > ^11 (jjall (jV <( jpJp V 

oLaUt L^^ll i-ixall liA Loj ,<a\jj AiAj jA JajLuJI (ja 

4(Jxlj*]| (JjuiLoufl .lLaifljL I^jj^j (jl ^o^' ^jj ^LoaJ 

,4ij^)3UA jj& j^ju jjuiLoaII jlilkVlj ^>^1 ^J-^J 4 S-^J^J 

^ U*VI LjL-j JLlte 

<jl£ Lo liA j l^jajj jiSI <c^uij Jb ^LJI S^flj (jli I jj 

<jl J U-q ^iLa ^Lulj Ajalb li] <ol JJl£ 

A-oi j 

SjS ^luaJil .^uoiij Ajjaall C>° J^' J 6 "^ ^ f° ^ 

jJI J L^al jo-o ibai 1 <nm> ikLj AjuAj jll ^ij IlJ bbikljj (JJjll (j* 

j^ii aj^Ia^Vi (jSJj ojiiaj ^ ^ Ajuijj villi ^3 (^^IjI^C- ^ cijjatAll jj& ^ 
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(jl *Hl^l ^LJ 3-JJ^jll oiA ujjjJ la lijj tl^ifij Jb Laj^ 

Aj^Ia, J C^y^" ISjSjoi Ltj* <jj"^ L$ ^V 01 ^' 

ULqjaI j^Lllc. j*j ^1 jUuaVI <J A^jj (jl£ dusk &U ylj J ^ J jjj 

AjS^uII A^aL-a j <j]i jkxu J iiu jl£ US <1&3I Jc L_fl3^jj ia jUI jl 

Jl ^iiJI 3iuS J^aj Uojc £ jJI ^ dJliJI <3iUI J JjSj J < t i>j jlS 

jli 4 4 ^ > r> jl La^j i m s^ 9u ^ .(jJOfita-o LoAluLS CixljLa i^jiajVl 

dj-aJ jjJ -GjjUaj plj$Jl jlfiCrVI (j^»J ikb ^1 ^ill jA jiajujjl 

t^iaJI JSJj Jc IjjiaS c_i2jjj *lj$il !^JJJ -la^l 

OLi iiilj (JaJ (j-oj) JJ-^ ^>n>l <jluu!L Jal j t^Jax>uo ^ > a 1 4 un'illj SjjjS 
AS^j Ajj^j]I Jl bjlaj jl t^jIalL — J^4J tllljjLkll Wl 

Ajjaj J Lo£ | jj <JJ>J J lA jjJ ( ■ it b <:l j^JI jlio (jl ^r,<alu>A 

.^lii^l dVI^JI Jllj 4^1^ JSVI ^jjj JajLlI Sj*& 

Jli ^fl] :JJlc Lo I^Aj lU^-* ^-jl jjjr-i-a ^1 j^il jpl (j^l 

4( j^lj ,^| ji]| J IAjI t . iaj Aj^)aJi3l ^aJu (jl (Ja.1 (j-o AjI <juiflj JJl^ 

^ j^kj <jl jjijcl dij-Q .Jj^-aoj j^lja 4jj V :!>Ljli (, <j>>»j 

.£l jail J AjIc jjSj jl (jLaJ L jjj-tfaJ ^ *lj«Jl J <Jjaa!l 
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jA La j .^AJaiill a^A ^) Ua^a <jl£ ^^Ic. J jjall c jjajjjL 

AjIc Sji <jx OjV 4iU ((jjSuuJ!) Aa\ jJI 5Jla> ^fl ^ajuoik <Jj£j Lo^J& 

(j! t—iaj ^^ill Sjii]l lLuIS tU jjj f > »-> II LJS I.^A j »a£jj%M 

^yoJi ^ (^sui sjii) Uai^i t^jii ^uui 

^ ^>laj L£j 4<ajI j AJaLo J£j Aaoul l a^A 

LloS La^j^j uixjuoj ilj^j *La2 iIj^j*^ AijjLcJI ^Luia>Vl 

jjjij (jx JbV Lo^5 ^^Sjlt (j-o AjIc j iAi^j Ci9j]l O^fi Ajjxa-o ^ nun 



[AjSUI) ^lill ^h<V 2^...% l^lfr j\L;... * 
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<jl£ ^jJl foiaxM ^^ill jA l^A ?Cij* ^jjAi JaxJI Lo lit .<>ajSM oj£11 

.^LiSlI ^l^>=J (J^U j (j^j Uuj U^jc V^jlji 3 CfiJ 2 7 j\ 

i4jl±ui tAlui 'A*Jjl 4<jLiil t^lj ^ 4 cjljJ 8 .(JvUaII 

J jtij Ij&A j . jal t'j^l U-° l-^J (3^ ^ ^ 

oJUa^Ij aJfcl udAJ < Vir > n . Cj3jII ^jnj^jl oil 

IjS jib <jl ftLu il^A 5iLjJal t(^ilt ^IjLlluiVl ^lstxll ^jji n\\ a\\ j 

JjLo jluwi ^^ic- CjULuu> ^^ic- CjL^Lc ^JajJ ^Ua . . ,L r uk]| AmJI 

.>! flc ^> JlUj^U s jill Jit S^l! ^Uj 

4=2x2 d = lxl :Jj US ^jiiiJI AiluuJI ^jIJjj 4 .3 *2 d 
.^Jl ...25 * 16 <9 A d ja gjUl) J tf t ,16=4x4 ,9=3x3 
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Jjaal l$£U 4^ J! LJ iAjjJ j£\ aJlA ^Aj 

diLuaJj^Jl Jajj iiJ .l^jJaxJU lg-L*aJ ^ill JsuiJI SjSJI £-k£j LoJufr 
cIAjojjj^J tlj&jS ojSlI CjSjj Lo Ijj clsjL-a j| tL^Jj 

LJJ <5 (i^J AjsIS tL^Lnll CjjIj a ^ *a . t 2 = x 
4x. j-ul! ^Ij SjSlI jl t^j"u>irtll (j!>b-Q Lxjli t<l ^iij .LoJia cjaj 

.l^ij AiLuuJI ^Jaiiu ^SJ Jala Jal 13 j ^Uaj lij l*j j 4 jjSU 

ai*j V liU ijSa <*Ui ...<>&, ...UL j£a I jSa j .Ly>* "»J s11 

L«aje Lff jtAj tA^jJ 90 (Jj<»ll j <jj^ Lo.ljc. 3 ai* 

t %40 '%20 jJ »> iji-B Afr >■ u 1 * I^J ttJj&i (/ii«u>ll 
jj Ijjj ?%90 <jJ i> ^ o- C >^ ^ % 70 <%60 

^bLo jSlj .a]jLq d 

^ u La jjSj . jf?JI i—S jxj jj ^JJLii .1.1a. AjjIaj <JaLuU 
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^joiAiA V] AijuVr (jSj ^1 .^jjUAlail AjljUj ^I.VVunl Sbl Laic ^jj^ic. Aaj 
UjI£ diA .Jatt JjJiJI J] ^tiaJ iJS j£\ tdjjjcljja jt (j-Ailij 

UU1> I U^jc AjalS ^ <J Ig-iSJ j I tlji jll t*13j 

Jul Jill <> U§j£ V LjLJI Afrj^ J Jj *( jfrl £ I Jflll ^) ciLUI 

^^lJlc. ^jJJ JunVun <£Lo-o ojfiS *y (JJ^J 4-LjiuJI qaj ^J-o 

L-iLuuSV <1uj ^ill JJJ-Q Uk JJ jj t JjuJ ^Jjllll J JjSll 

Ljj ki j^jj U uiVl £a .^jjjLjjVI j^a — ui j! 1 Irs ^jauuajj ALaaJl 

CJS 6J l£al UjJ *<jjaJI UNI ^jlq ^ic l!j<s •> «B u-° K. 1 ^ 1 * ^ AjjjLc- 



Jjxu j tl992 'Jj>j i'cHdjW 'OJJ*^^ fljiR '4^^ 

.1992 'Jj>uu 'cHdj^ 
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(jl Vnj% <j*£lui jJ (jl^ £^J^ UJ^' <^ 

Ijjx ^JaSj LaAjc <Ulc Lq t if >n (jj^J 4j&jjuj (jli i^jjjax ^Wij LoAiC- 

JaiLi, l^jJaL ^1 4iLouJI jl (jkt jSa .Ljajl JjJaal ISIjaI tdLj 

J jii^u ^ Lj£ jJ v J ^1 v o^ij .u^v ^ui^ 

iaLoLo ^LSj tjaJI JbjLJt j-o (LJSu) Ujl j 

.Ijioi U jjlS l^jgjj 3JLuxll <jo»aj ^>^Vl ^Jiualj j-^jLj jJ L>^J*^ 

J j*j JjJaill j! <L-a^aII j . jkxjj j! Uxk ^jL jl£ 4j| ^jic AaL!i aLc 
J*ia9 jAj .^JJJjl A3 jl^ La ^JJjaJilt AjUjjj tAjja^-L<J t^ljlUI 



^ j\iu.l tgrJ ou ja t(l292-1220) uj^W ^jj * 
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AjLmj j .(!4-lLofr cljULuLadJ 1.1a. La ja^a lll^Jl jl£ (j^jll 

. IxJaS jLuuJI j jS c_jLlJ ^il Ajuiij A$aJ j ( J^V I ^ cJfl jALq ^ja. 

SjSi .Ajial cij^l j AjjSLi a£j=JI SjSa 4j*L> Uajc 

a£ jaj jt til jSfc li^V ^-oJ U ^>ll Ci3l£ y .^U tt* 

L^jiC jjuj JjI Joj Aol jSLill A£^J! <jl (jja. ^ Allodia Ac^joij jj-oJU AjSsS/I 

SjSa Jl jlS Ijaj .(1. 2 JUB jtul) 4j*&I a£ j=JI di3l£ 

I j] J&yJ iiu j& life j . JjIc AjSj* JSju ) jj Aft juiA « 
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1.2 Js-i 

A * cAc jmu £ 4-»a &a jixi iixS 'c^-^*- ^ </* 



jk-J Lai j*J jjiu l^jj V S jill 

I jju Laic ^ jLouj USLu 1 <u y jA jA U rUliu 

Jo tjLu^ ^ tl^ijL J^j iAJjLkll jja Ual £ <jSD 

SjS y 4<J jLLJl cJjJa IjLucI t^iljl! .^SjcI I^Sa tl^uk Jijj U 
^ AJjUJI jSl 4 JLJu J# J l^Lcu jt il^k J>$ AujjLJI 

La] IfrjfLoJ La 3 ji tilli (ja gJJUmlj •J*ill Jjj J*ill jA iLaU UjUj^ 
AipS jLuu» jjjiu AjJ |jj t JjLu]L .dUuVI Jjiu jt La] j <£jaJ! ^ jjoU J 
I iA J .^m> <C^>xij Ji?*J jA ^jLjjjII .djll Ifcjlc JJjlull (JA J-Lyli 

46 



aUkjl J 3 jfill (3^^ La,V»r- A-<uill J JJJ*\ 1 Ajc jjxj J (j£-*J ^ jLuiill 

^ gJJLUuaj jjl ^jW*U»n ftl^it*io JLlC Aj jxj^j La jA j) 
;djUiiA Jc ^jb (JSjuaj A_pj-oC 3j5 44 jftfcYu Ac jjoij tiljaJjj Jc 
.AuauL-a Jc <jA JJJ <illi t,^^ 4 ^J"^ IjLua* fi ^>»i>1I 

ja^Jl ^j-^JJ (jl La U^J <— ij^S-all J>^\1 J^J-^J (3^°^ 3 ji ^Ax^nj 
JJ&&1I I^A ! JJl£ (jj^J O^A-a jA ^£1 .Uu£u^q tjLu-a A£jaJt £JOJ 
U jft "^ J J*JJ *l£ j^Ia jlS t jj *£jaJ J Jjj) ^iaJI JjSjo. Jja> 

4 >l J| villi d j jL^ aJc ^Jl lij VI 4(bSU jt£ bl 

.A£jaJI Ajuni 1 ( JjLhj <jiA.Xa Liajl j^VI jA 

i tvL I jLau (jlj 4^^*-o5 Ac^juij ^xjj <-Jjl3 ^M-la J^ Li3l (j^ajoiil 

t * * 

lit 4 (J^jull AfiaJLJ 4 jaJl J y^maJl IjlA ^LUri (jjl£ 4^>U£ LujuA. *l J 

-lie ^j,u>i *\ J jiLJt fuuaa 1U V <-J jaJI .AjfilS t-JjUll Ac jjoi tlulS 

Ljjlill Ac^i tiliLu ujjISII jja ^Sl j ^juo> JS ?liLoJ 4 jUJI 

^jyiLoiVI ^>_>a11 AdxiulU JjJ Aj£J j J Ij-^ Lift lA JjJi L_lxJj A-iJ .l^jjoftj 

4(311x0 pic V Ajl JjiU JjtLiil ^ jSioj liA .t-jjUll jA (^ili 

^jS-<u I4 uftj Ajjaall .AJ^o ^^jia.ja jUaJ ^>AjJa Vj ^jfiu V Aj^>^J ^ij 

I^jU S jS ciji Li lili .s j^l CjIc^uJI jLLSII J jVI U^l j>) 
^ ial li] 6 oa J jLLill ^jUi Ij] VI) u^UR ^ ^ 

4ii tdli J jl£ ^jjjj jjbjjja. (jl jOjjj 4a£U11j villi JJlc 
.cSLjISjaII ^UJuJ ±zi JSoIj ^ill IjoJI 11a ^ja j ^ill _^a 4 JJlc c^i 
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UjjStAofl jji^fl 'lAj^j 

jj^j j^-o — Kabbal JLi^JI ^IS) cJjL^j :j^aij>Jl J jiu*i 

Alojl tlul£ . (dlL <jx ^tjlaj ^j^a^ VunL — (jjjAjiaj L5 -ol^i 

t^jjil jLuu^/l liA ( klalaj j ^jc jjcI (jSI 

jLslLuiI Aj] ^aJ .|4i^>^aj ^ Quj-blc- ^jSSjj Aj IjAi J> * « 

JjSjouJl Ax^Lk j iA^llo Jjj] (ill jjl A^ILjjJI jJlSdll ^JuLJ j Jfuo 

JIjaJ! ^ V] ^^jujlI V i jA^-a t^jiUill (jiaalj 4£jaL 4^3^° t(jia-al& 

VI 4 v>j La J^ 3 4 <>^J ^ > Jail ^jlaixll ^pj^ ^jlS jl > daa.L 

4j ^ UJS Ajl LjCJ-o jl) ^^llj O^U Lft^Juo (j^JC IjJXJ /J*lUj 

Jjj-a jll ^jvLaLlij <jl j 4jJjLx-ca ^ fldlaj jj& <■ fl^J <iUi9 j (j^o 
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Ail vcl 

.<iilk-Q djIjSjj ^^Ic J ji/v*ll Aa-Iaj (jlS 

^jjcIlaII jUS (jx .& iiJal Au n-^Mi (jpj^j (jSj ^3 lit o^lj 

jjll U jAj) ^^j** "^xxk jjajuI £l£ I il <d ^ j^VI 

L-jaj iluatJ jjaSil ^Ul 4^SI jib i^jj ^jiacl V jl (j.^'y A^ld (aJc 

.(.ill j J ^1 I OA iuJi^ 4J j 
Lo cj^Jj .^Ujjill j j-ac j& ^^31 cdijKj^ll (j^Lui^ ♦^IoLijj jSj 

4J>L JjaII ^ lUjau .AiShll liA Jj»> J^Loull jUuUj ^l£]| ^4 j 

Uiu ^kll I^J ujVI c^^JI ^p^U cdijt^l o^l 

U jjla j <^iJt£ cliUI nn^l £jb Aa\ J=kl ^ J«i liUa .d^. JJl^ 

^jS-oJ c _pllj ^IjiKjrtH A^L-Vl AA^bJI ^jJaj li&bj .U^aUj W-^Jjj 
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^jLjjUkjj rti2 j mi 

J eLjjjall jjjjj JS Lji jsu Aij*^ tF= G m ' m2 \ n a \)i 

- - 

"ijjku.Vr bi jjfi 

^ > ^ jLwu L_jjLijl (jjlij AjjIaj (J-°^Ij ^^^JJIjC' (Jjj-^ cs^' ^i^jx 

Cjjj dJA g^jll AiLjia . JjJalijJI Ajk (jlLj ^ill L-JJj£JI I^aIxJI jSill 



.4ajjUJl dijlii G (l^lu <Loli]l R j& jl jjaj m2 4 ml 
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jj Ijj t^jS ^> jik-L* J] jrt^J <kjlL fUUj (^100 
Ac^joJI (IajIS Ijj Jjlojl£ j^Ui AilUlt SiLd-J 4jL ^Lal 3x^L-»j 

IjLajLS jjuC- <jui*aJi £-Li] 30j ^(^jLj £J**a ^ 

4-jaiij ^o^l cli^aj cjj ^ai Sj^Vt I ^jJjLil! ^Jai (J2J J^)l\ 

(J^al AjU t^Sk djJjuaS AiLawJ Ujjjc) lij <Uk j .liLII J ^ 
>I j^l, jSjj Ajjili AiS^JI 

jA LoA^l *Luj£i ^jI^jlxa yLaj^Lo ^jLuuJIj djSII J Ljaut ^jjjjj 
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Cfil .W Ajj aJ^V jlS) Lu JSj 

.(^UjI jl ^jSa jUaJ jjo) 3^1 j)Lj ja*J jl j^Ai J AjjIj a1£1\ 

Sjill Ijj t^jLoulLj Igjfr JJ*J djfill i^jLuull * J^II .L-Ujobttllj 

^tVi,n JA\ g-L^j (Lj£ aJ^]I JjLu J*lu) 

Lua ^1 .(m) 4i&IL Ljj^ (a) £jL*ai Jjbu (F) 5jiM ^1 F = m.a 

d^A jS? q^J)1\ i}y*. J-* 4 ^ ^.uiko ^llj^j J-^l A^^p^J 

tLuijja ^^jJjA ^Aj tj^jA (jljnmjjS (jlS .ojiill O^A 

J J^iuul 4<£ Jjljfl jLiJI jC U jl*jy Jll (dJjLUl) SilUll <J jSll 

^3 . jS^aII jaJ (J^*^ Ia^J S ja! ^ > riVi (jl < ■ \yf\ 4 (jl jj.il! 

liA . J£\ ^uoJl <ilic Jbtljj -kiiJ I^A jl ^ -tjaJI J& ^jb 

t^J O*^** S- 1 ^ J <ajk*]l t_iia J) ^^liall l^u jA 

AkjsuaJj .S jill d^A <xuaj ^juia t$j jjJj jll <C JjuJI jjj AjjJaLjll aJl>L*JI 
d-Lo L-j^)*j jl£ Ajj^aLaJI o^A jj jjj ^^Vunl . < -jl » (j^-aJ IaI^J 

^jSa^o jl jjjl I^A jl J l*L1j j£j .(>ajVl Jj^. J-aifl u'jJ J 

4^-LjjLujI A-LJaja rcjJa j li^Aj .^aaII (j^J)l\ AjujjLgJ ^ill c_l^aJLj 



v 2 v 2 * 

jiaSH t iini R Cip.) t a = — uj^ F= m . a ^ jW^^j »F ■ m — 
R R 
1( Ji.ffi v UC&H J iOLil .(Ac jj V 
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4Jujua ^1 ^aa*jjlj (jiajbtl c-oLajII S jS i . )\ > u% j Ij^Aj .^S^jaJj 

J naa ^1 i^nill ^jU 4iAjJI Sjlcjj ^tj) U*JjA 

Ajjlill luj* ! jl« 0.0027> <( = £ jl~£D S jj^I -ti*^ 

O^U ^ jij- JlJ 10 j* <> J^ 1 t> t J 

Sj* 3700 ^* j*SB Jt o-jVl l*- jUi Sjil! h .( 2 £) 2 
fJs tjjla t3j^ <->"^ '^*J •^UuB ^k. o- 3 ^' ^1 S jSII lilt 

IjLoi Aj^Ia. .LujS« _>*Vl (jj^i ' . '>j u^j 

lit iQ^jil JhA < *9.ni S^o 60 g^A J-iallj U^J^' AiL^J 1 ^ 

^ija 0^ L?^' Ul^lVI lUIc- ja liA .3600= 2 (60) 

jjjall LujLa — U^fij SjjIuujVI ^^.1 Ua j "~ jJuj 

^Sljlt <tjjJall jj^l CjIj-o ^jjl jA l^ld J^lj jlo ^<aj ^ilt 
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.*(2.2 J^Jt jtjl) J JiaL JjSj j-J^ £j>u 
^jjllo SjSa J Jia^Ls liUVh,, t4jil *W J&l j t^jteJl Uoip 

A — jUa. 4JLja t*l jA *l jj Luc- 1 Ju liA .^jjj JJC- jjJ^VI j 

.(4 J^ill l«J Jjw-) 1610 r lc ^ jl£ 

mini ^jll ■■*UtKj«tt (jjjljS iaOMlL '^pjjj e -^j' L» ^ 

(^U^JI) 2 ;r UUMI cJJjuI! .Jill AiUij U3j UaJji t>c! uijjj 
J£ ilgjx jj£ u^jj Q"^^ CP" L*-^*-^ AauuIL L^jLc^ujj 

jlul £x 4"m^ jx LS ic LLa>V ^ jl nj > ii (^iil JJ$ nill g.l>Jal fill L-sLutsJI 
(jj\j> |jJJ JaJjlL 4n^r> SjljftjoiLa . !^£jiJ 4j^ad d^A ^jSJj 
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2.2 Ji-Ji 

^ lujj v l^! oil jjdL) jujL Jit kiijJd <aj*U hijJrt SiJJi 
O-S* u^li ti* {JaJb . 2 3 - 9 t 2 2 - 4 j ^SLU .9 ^ ^>-Su 
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flail f oSL U Lilt .A^iUJI s ja rl^uii ^bjjall SjSU jl j^Lo sjSI jSJI 

a^A .4_Jj-gjjj J&£1 AjjjJaj lAJU^. jjj S^cLiLq ^jaILc /jjj cj^tflalb 

6^A ^ij ^1 j^i laj LoS b^lj clPj^ U^J 

<Ljo»j]| ^jj^ £ I jail j±\ ^^lc <jc* jjjI-JI ^ ^jlVutij (jl" 

^jhitnj V C-U3kJ djJJ^ jLt-o V J 4 J > iulb & jA cSj^Jl JLflujl l$j ^jj ^jll 

IjLiaS Jfil .1 jllS Ij^A 4 ^j.n.rt Mill Jj2k *-*ft*JU ^Jjoi f jail! (jli ^A-UkA^ 

-aj .^uijxiLJlj <jujjui% Aj*SI jll cCjI jLjlJI AjU^laj j AjIc- 

• j*j ^jc jjjllll (jjJj^jjill (JjSj ^^Si UJ^ J^ojVI s- 1 ^ j5 

jAja. ^iu ^la bl 4^uulb Lai to jSill JjJa IjjlS t^iiMitej 
I^a" jL-alkb idjllaskilxll JfuoSJU ^c-ajuoJ Jxj ^jfr jJjtill ^jli villi ^oj 
LaS ^aaLJl ^jiall Lo AiSblb Cllual t^bjjiill ...d^bxj (jl t ■ l->jj > ^> 

^tjlbj .^jLall (jj^lall jA (jj^J ^3 ^jjoSaJI bllt <j£L] j tbllfi. a^fljau 



.1977 
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1 jlJI jli dO c4 3 i2 l\ J&a* <*L*J ColJ lil Ij£a j 
r 2 



J£ ^L=J! Sji ijcjao-a Ii4 IjJ .0.01 .0.0625 .0.11 .0.25 d J 

j2» jJoJ L_i jjuj jsJ ilil*. (illiA j ?S jail o^A Ajufla ^ Lo (jfclj 



* * * 



^iLowJI <'i. ailij lil Ij&A j 1.1a. 1.1a. l*J>J (^a. Jj — 

1 11 

100 'T0"'~2 



10000 cl00 «4 <1 U U < -r^r '-jjj- '1 



^j* ^jjjJ i^*xi\ cJ^J <6Aj^>. ^gJ] (J*-a jJJj l^lflajj ^jjj) j5 

4_Likx 4 SjSa d^A . JjJaSll (J^*^ 1 ^L^dJ olf^Jl AjuuLJI ^ij (j1 ^jj^Jall 
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i^ja ^Lj^A .L-lL-tfa ^SjjlnM (Jj*^j (jj^iofaa (jjj-alc ^A ^jjJjLjjill 
^jjlaJxJ <jjjjJaljj]| JUjj IjA .AjljIj CjULSuSI jLaJjj (jjjl jill o^A (jj^Lu 

o^a djLi .Ajklillj aSUIII (ja 3juIj Jl£jiL 4j^L>jj 

Ait jjlht J cLLtll ^1) <j*XiV (J <+J<d SUlSlo ^ii^jm ^kJI liA J 

Aiujlj till LJuoi^l (jl ^j1YuhU^(jILq tAt jjuj t3Jj£) SjJa^o Lo 
AjLoi^ ^jSxJ (j-oj^ll ^u^a ^A L_iSljSll A£^pi ."ALSLiLQ LJojIj ^jJaLoll 

1/ :>A&j u^Ltf jlS 4 H ?liA iil t> u-ul Jx^j liUj 

CjLaLu^ j£1 jail ^uJ bl <DUJI laL r> 

^jjla.Jj ^Al^i i<jjJaLijll ^jj jjj ^jaUa L? lc. jjuOjSj <jl jLjSII (jn^j'iKjiftll 

jjSj jjjUaII r>jlAj tACjjuJL L-JjJa J^U. 3£jaJI 4ja£ 

.(jijjA tilli LaS t-LjjjuJI ^>-a*J ^ * 

^XJI jIjjjI t^^u^lL IjUc U.aaJ ^jllnj Ljuc. li^A j 
dJA rij^Mi -(j^ 5±j£JI Jal j) ^h^iJI JjjjI <&jjuj 

JjjIaIc- <ja ^ jj ^ill i JjI jjoJI dLjlSj^ ja jj^. ^Laj^f tilli (j*u*iti 
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oiA JjU-atfij J^Jti V UjCrJ .jilt ...^jjoJjjjjS td! jiuj iA-uab 4<JI£juAj 

O^uSi QjSJI ^4 Uibj lift J£ jlS )j] ^jilj .AjL^q l^ka. ^ill 

AjJjJj Ijiik jjj ^Lui^Sfl iajloij A-LjiUJU ^il ^11 

I^j! l+JC dnVrim ^pll) ^jJj£3V1 Jjj^L CjUj* 

Qj) fcjgjji ^jj .4 Ajj^)laj ^jjtLaul 1$-^ jJu Lo£ * kxl! <C JjoiJ j^Yfl 

iilaJI j italUajjj (jjij VirgO J^-J^ ^jjj^a Jjlo AjjI fnml i(til3j 

^5 jj — uu CjLqj L l ^ II Jib r^fflui CjVL-ojV^ jLafll .4jt u nil 

tluj U> iuj jjiil ^ dj^aj ^^jJajl J *<Aj ij^* J^*^ 5 AjjJajVt ftjfifl 

cllj -."i U lijj .fJUJl jUSj ujUiUi J£ ^ Ajuij ^jjl ^Loix ^ ftj>wa 

:a lill tilJi tiLiV .Lul g y> <al Jl j^VI ^ j^j Jj ^Sli ^oi j& 
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jjU* J^A? ^A^ll lK^'j 'jM 1 jlill Aj)j ^jkWi 4 J jVI 
.4_<alj*JI SjSa ^C-Si Uuiij l$J£ lIuaLjj i-LuljaJl iJ ^C> JdA* b\ jj Lai 

jjj — L-aJ j JjjSLj Cla^Q ui ^pll AjjLjaill CLsL^ol! d^A AjuI j ^A ^ 

J— ail) Cj^l^jll d^J jJ^ioJl £jl j jA ^a£j IAjjousJJI Ln*jlsu* A3jA>a j 
< * ua ^jjuftrtfl j (J^O ^ *H t^Liaa JL>J L^jlx aIoL^ 

t5— ^11 'Voyager j^L_jja <a*jI jJI aj^jj 4AjSLjuL Jj j s 

!..Ai_ -jui&o J JfV oJjJl^. ^aJljC jt J±ui jaJ (Ji\W\\\ C^joLOJuall JL^JI 
JjSj Ljai jA ^LjaAll j 4AjLIa> £Ja-oI JbSfclL jA ^LjaaJI 

^ISJl jli ikx£L* 4£.j*Ji £A£> 13 <Ua .J^ 1 ^IajjVI ^ 

Jja. jjJj ^ill jxiilt 51a ^A US ilajjlj jl^JI (JjIj Lo^t .UaJjlAj 
Jc- JjLuilt 4 Inl 1 ui (J£j Ia^jxS 4 ^J^ Ac- JjoJI ^1 Ijjj . 1 > rri-s j 
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AjV t(j!aiaUA jl^-o (JjLoiI! (JjSj LoJj& Jt La I^Aj (jlajVl 

^gVnj ^ai^Jj Aj&jxu (jli jji^ijAjVI £-1 £a ti]K"^Vlj 

i klSLj liA .AjJLc A^jmi 4^io £a Aivla £aj .6 J Slrx 

ClUftj cln^. t<joiaj LaLoJ Jlc jl-La ^ ^yUjua ja3 ^-iaj 

— jI-IaIL <--^J^ jAj i^jriiVirt l£J^ ^atlyall 

t^^aJJAl J** ^ ^vu^W .Orbite-parking lJ^JI 

jI.1a]I liA .L-JjCjaII ^jShll JAaII ^UujI-J] ^ JjUalo 

jlisl) ^l^jll ^jjU ojIaa Jil JjLJ] ^ jIja JLIj j^blL 

^sl ^ c>^u!l Lj jSlj ^ jVl < # SSD 

^ 35900 ^ii^ ji^LL <d Ujj^ 4 ^]JLi 

di^j aS) j ^Ajjlill ^ jIojIjS 3.07 >-> ui* 'l^ J^' u° 
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3.2 js-ui 



N 




4.2 JS-A 

<yt US IfwAJ ic >iJL jjIj ^iSl - iajlj-JI ^iajV) ^^u^l >afl 

A^ualL Uij (J Luj kcjt* 
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d jcti U liA .(4.2 cJ^> j^l) ^ j^t J^* ^ 1^ '^j 
Aw^nll jUaVl sjcIS) Satellite geostationnaire LLjI U^a J 

<j& du^aJl j .<jjj5l fl-^ul ^Uaj] ^jjauJaaj $Lja9 JLs^J ^bUi 

4jSJ j I j 1 .Laic j jiaal) <jlLa-a jjC. .iaj I^A j . 1£jj>q! 

t " l£ ^Hxi ill! uaSlla (jli ^ j^ajIa!) i^A <JjujL1<uj . I^A 1 nj ^ ^ ^Ja^o ^jaJ 
tjiaJl jj^ufl . Jja&t flfcull AaJa^l ^^ljujj ^jII 4^UJ jjI jJ 

^1 jjixJj ljLia9 jjjiJ .£L1I ^^cl^j <^*l^a ^ * 

jt SjSi jIjI j ^Ui <j-a LjAJi ^ Jj .^Ljaill (y* jJlC 

U Ijj UjV .^ajjluJI j 4 Will £$ijua J*-bL LuLjja ^Lajuuu> Sj£a 

Jo JjLiill jl^j c-laj La ;cjSl cil J^l 

.^ajVl djA. ^Ljafill ^a CavUjVI (Ja ^jjL^a ^'ujui ( ^JaJ^\ v*V>l 

11 j-o ^gicl AjI jSLi Ac jjolj A«ij ^^Jb (jjj^lS oj^j tjl AjJc j 

j) 4+± jVt 1^ ^ ^1 ^lill ^ l>ajLS 
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V jaJ jaJ £ j jL-all lift <jpUa] jli <LkJ La ^jSI j .(jja^B 

^ Jll jll S jail *1a i JU> (3*^1 Jc Ua - v^..."« . jaILlo JSoIj iajj 

. (jiajVI (J J^ J-l^ J ^ jjL^all JJ I^JJ IajaC- .A-uiajVl A^iLaJI 
Aj^aja ^mi ^aJ .UjLoi Aic LnW* (^illj cl-sI^aII — jl-lall J 

- I jx& 4jc jjuo < jjj Ai* AjjjSjj U cAil J£U i jJI l_£ JJ 

lj^JI ja 11a jIS lij Ij^l .s-i^jill <Jja> (^j^j jl) c?jjI^ jl^ J 
tcjS jSli Jc (Module) ^ULali si VI jj] a^J > Ittti cA.««.J ^> 

^ajU jI-IaII Jl AjjIsJj A*ijJ LpajVI (>» ^ jAJ cAIaC jUjJ JlxJ 
J ^jWn>n .(_pajVI Jl l^jl^ ^^>aJl Jj i>^*j J jUaojlj £jjL-aj 
t^ilLJI AjJjlaJ ic pUa)f AliJjU j *UjSjS fl-lklJ AjI^I 

CjUIjjSVI j jill A^ja> ^1 (JaSLj i^a js j *uji 

^ "jptLVI ial jj AjAjaij U^jj li^Jj .aSUJ Sj^ill 

l^aj cAjl jiSVl I43] .iiBi j jSH 1^ JJ ^ILy 

La jjaiS jJ 1 j c^jju^L^ (jj^kl j dljjjSij ttiLujjjS c^xjljhU cIujS j]| 
L_LLujljaJI SjjL AajCJU c-La All Ajj^" ^ <j*^ 'ClPj^ ^-^ia^J 
i^LaiVI l^tlflA Jllj AjjI - afl3l CAiliSiuiVI a^A jLol AjjjjjJal) 

La^ CaEu Jll (5.2 J£i jfcal) j^Lija 4k j cAjSjjISjaII a^UII 

.S^)aJjuaa1I CjIajIxaII ^ja Aj-uj ^jj^lc j 

t JLkaall cJl >aSUVI jA tdli ^-a3I : Jliijoj j£J j Jja^. 11a J£ 

d^vi cji^iUY' U-jj *-^ls jl jjjS >- ta ^ Uh! 
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5.2 js— a 

(Jft j jnu . M A*j-a-D t> jjij 1977 fie jUai ^jfl ^-a-^ ' 

uSjgl J-^A </» o-»-»S O 15 ^A>S ^Uj]) JS .2002 



4 .>K\K .,11 jrtVi V ^cjjI jw>ll Ijja. \ g Laj ^jjl j)i nW 

Vjl ^ 'V JJ&L J* »La£B oaaJ 

^j>i Vlj oil tJjjJjj £JpSI La^JC .jVl ^^JA. .Lojgi-o 

l+^Vi.iii.n ^jSI ASUaJl j Cj^ltUill Juljol Ajjjj^a <^-<u^ CjljlSlf! i/imjtl ?V <J 
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4*JLfl cAel* jVI J] Jj— jB ^jjL^ *Uj 41919 r lc ^j-Vl 
Vlio JjVI l^jaix^a Jc. New york times >oj1j iIJjjjjjj 3i>-o Cj 

^jWhnj <j] jjU-all ^jl j Ajjljjjill q£\ jSlI (JjiSUj d jlSal J £^>A? 

jLjIuiVI 4jC.11tmi.i1j ^jSj f] <d jIjjcIj t jjLuj jxjS/I ^jS ^UjjVI 

(jjj ^Ijill Jj-jiu Uij^j 

^jV .^jjUJI Ijj-o ^jC IjjJj 1 j fl j jjLiluix j) IjA 

AjaS) A&^juJLj Ajj^jJa-c 4jjSI '. ^ill IjjlaI] ^JjUq ^joiaj 4£jjL-^]| 

tSjJjS <&^>xuJ I jlc. J_jiaJ La. jjL-a (jl .Aij jauo 4_La, ^fl JafiaJ ^ASjaJI 

^jjL-oU ic^jui (JjILJLj jjUI ligj j! jj 4 jUJI (j* *j#S ^— iUaS -^j^j (Jj 

jl Ajijjjl] IjIjjjI ujjaj A^aUaj Jjla J US) (j^SUJI *UjVI ^4 
(J ' *aflJ AjaaJ <JS ^3 UuJb ^jjUall ^^Ic i3.*^J IjJaB IjAj .(^AulaII 

4^SIjjj £ jjL-all itj uj jjIJj jli IjSa j i^LJUI AjSj^JI Ajjbaall 1ja* 

Ija SjlikuVl j .Ija JSj a£Ic a] liejUa ajj^o 

^jl^la Sjjl) ^cjjl CjSj^j IjjaB 

j { ftjaajll tUI jga * ^^)SJ ^Ja. (Jjaj ^jl U IjjSJj 4 4ijfia-all 

v ul^ 'W 3 - v x m JjLJI ul/lij) Ifij "^1" SjUjI <,oi3 

W 1 * JS jia SjIc £tJjl JjSj 1j$Jj .(m ilu^aij lit ijjj 

jUall JlULj t ajjajll Aia,^c ^ ^al jjj 

(j-a dJa.1 j 4AjUfta 4^-A AjjUiaill S^ali-alt (jl < j 1mij c LS 

V^pjjj iiljjlSj^l A-faLjaJ^fl 
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^jj^-bll JJJC-I O^J ^^itil L«J ej*-^l 

JaJjll £ j*^ j-q J\ ."(>ajVl S^LolJ ill CjI jJ l^jl ^jV til J lijL^ j 
<iSlS cjajujjll (jjjfill L_uS Llulj ill j $jjJall ^jjij "^cjJaljll" 

< fljflj CulS e jjJall 4jJ <jU li^A j .c_i jC-jl ^^aJj c/fj^ £JJ^1 S^jUI 

.ill u-Mj^ JJ 

jl£ jjJall £-UJJI ^ j^Lci .Aj^Loj^I ^jaUJI <£\ ji I jSL 

s 

±U ^ JJ»1I (J'lrtnill t^J^'j '^l**^ ^>aJ C-jL (3*ji (j] .AxJ^ill 

^UJJI fjfrftxj ^yS^l (j\j2& A-aUall J Aljlc- A3JC. JI UiUjj <<A*-atc 

jjilijj * j^JI (jL ^ISjc-VI CsLk^LJI 6 iA ^ IjUjcI .I^a 

4_j*_nla S jSa a^Aj (AjjjjJall <&JuiSfl Aj^aol Ijuj t4 <nSu>irt Ja L-iuia 
^jjj Sjja* jJI jJjJI iSiUJI jA *lojill ^Jlll jtjll j>^iWll .1 Ja> 

AilaJI (jljjSfl (j* 4-Jajal yioj (j£lj iejjJall clu: jUll . jlill j e JJ-aJI 

SjjJaJI (JjSjju ljjl£ t^juoC (jJall (JjSlI J .S^Jb (ja^ui ~~ 

/^ISj j&sVl jUll ja ^j^alt" 
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Jli Ciau Ulpj j t J^5l liA ejau UUJ j^u ^1 1«„i4j 3 jALLU jljLto 
t<-<ufij — uix Jaj ^ — 3 ^ j i rtl) jLjajl I^aAlLJI oAA tlLo j£J Ajj^uIL 

fjb IaUjjl£ Lulj J^k Lia till j ^ 4 J jVl 3 jSill f&jb 4^ j^ll 

tCiLaJjuO. <j-Q ^xJall IAJIjII ^uiajsJI la^jUa pjjJall AjJjJ j±i 
ila j Sjj L_fl j t»j ^4 jfllS 3j£fill di* j^Jlj .1.1a* 3jjjS <C^juij 

2luSIj1I ^Li^S/I iUj-B 4 jj^-^I CjVI * j^UJl 

ijaLiiA 1 kila jUiVl ^4 Jjj 11a .<jj]LJIj ^a^I jj4VI j 

cAjuij Ja^jl) ^44 .3Jslu*j t^jlfo 4!DIj liA JS JjL iiilb ^ 

68 



(t-iUij jA ^ill) -IJ^laJl Jajoj Jl <J J*I*JJ Aj) jl 4<j*£jul <j| J *l jjl 
^ t^iVi jfcl Jail oifc <jl Jjaia AaIajI ^J t Jj*j ^jSJ j 

42 41.3) jis-ftu Lyuj i^jc j£ jdi a^LjSi ^1 j» 

JJ liA djluiyU Jixjoij IjjCJ ^juj^JI pjjJall jA 4 m. Vigil j pjjJall 

JjS j)Jj3 4jU jl Jlo (jiiJulSj jJjuja ^Jajui ^jC (JjA£xjVI (jjJ^ (jl 

<jlj iU^)*]) icLl^ l-lia. <jjJJa»j I jl£ (JJ4jUjj3 <jlj t^jmiJI \Ut\W 

UjJI ^ISxjVI >-aiS Archimed de Syracuse IjjSI ^h^L J 
|j] sl^i *J^J <J ^ jjJall jjSj5 ^ U^J *J*S*N 

<j1 a jjl J jla nfyl Jill jUL ujj^d) £^ ~~ 

(jjijl ji (jlj 4^<£^Lac Sj*Lo LI^-q ^1 ^"itnU IjjSljjjbU j >^»1aj <jl£ ^ill 
U jjj jlc j J^j Jill j) JjIui j^JI l^SuSI J jl£ jLAjVI 

J-Jaill ^jJi -Jjj jjAjl - ^ JjKj^I ^sLJ\ ^jA jj Jill 

**jaUmo1! j Aj^UH jjjallall j jSij .*(AjjA ja ^ ^^ul (j^l j) ajU*J 
(>Ij1I JjiJI AjIjj ^ c^^- Anr^\ Mill CjI jLkjJI j 

.ISa-V l ^ > h jj ^jjjia ^ 



.Jill ^ISjuVI u- 3 ^ ^kuiil Aj^Vl 
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1.3 js_i 




2.3 JS— i 

Uii JUAB ix^^lt Jjiiu Ulfe <^>i £bui jUSil ijM :^>aII jUSuVI 




3.3 
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lj! iji n% j Ca\aja 

ja 4 ILL* <j& Lju^j ^ill j (1695-1629) ^u^j^ jLn^j^ 

AjjjxJI 4jJ .UliljVi La lij 3JjIa j fJatl! ^ AIaaLu* .(jl^J 

JjVl d j-^j Saturne jjij' 1 uj jI-Lq t LuuSl j t jjhl uti ^aJLoJI -A^Lill 

qujxJL - t*] — ki jj^j - ^ ^jaJJt jl ^St ial .Mars J^J ji jj^ j 

Ljjtj U£ j-JSjjI j iCjlcLJI (> Sjj^JI JL^VI t^UI 

tjjLJI fj& 'u'jJ J CS* f uulL ^ ^aaLLo t^ljll Jj-.aall 

iclsUj-odll t^jxll Ujlj ^Ij^J ^ill jA ^Ull ^^Sju UIjJj 

jnnn ^ull d^A AajaII ^j^jLq 
^ up ^3 JjoAi jnnij Ujuc ^-^ajl Uiajl (JjSj t(<jjfLui 

JjlojLS 40000 J\ 30000 AiUuJ Jiffi (1 ^ Jj\ sjSII u'jSj 

t Jjt> uu]l CjI jj Aiajoil <Iauuoj ^ill t-jjjjjll j jl >aVI jA JSllu]) j£] j 

(jl ^1 Ajoiij jl^l ^^ajj (j^lj h » ^ jjJa^o (jjila ql 
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(L L^Ib JJijll Lr lc (Jxxll A_2 J^JJ tjjjufl (jjl» nlj ^jjjJI 

j <tl)L> ^aII ojAj cIjI Jl jjaVI a^A l-lia* l« ijxj <Aj (Jn>» *llj (JJ'-iJ 
I^Aj) Aa. j-a tCjIj! * jjJall ^jl j j i . JjjJa 0*j W^J^ ^ 

^jooju l^jtj jjuo!1£) AjhU >;Vil Aa ja &3U Aj£Jj <(^J^ » ^ 

Lxj^juj Sj^a]) &jA (J-a3j OPj^j (j^J -^-l JJJ jIjaII Vi» > n) 

JjjaVI diA jjjj U £■ l^all J Jl^jJ ^ AjV CjljljiALj (jjjl * ^Jall 

Jt Sjiill dLj ^ j tEthere jjlsVI JIlJ jjc. 

4Aj-qU. <LjJb CjVIa^ liA jjjVI f jUjI jS j .CjL* jJt jJIj j jtjiAVI 

AjjjSjj Ajjj jjtuSrf Aj2 ^ill Ci^ll 4<jj^jJl JjSlt 

.Ala ^jILj ..^j^I <±d AjIjj Cljl£ 

AjJ^J f.1 J^Lj ^alil Jill J>>lll Uulj (j^fcjnl Ajli tilb ^QJ A^USOxiM 



V Aili cAa. jx ^ ^jJall jlS 1 jj JUL dlj t> j .Ail£ CjUUjVI ^ j ^jl^J 



73 



* jjJaJI (JJj^a ^ ^J^ 0 <*jJa j3 tjjbll JjLe-c jjJu^a ^1 iVunU 

J^J-^ pjjJall ^^>a^ i * . ,!<Jja^Vl CjjIS laA j 4 11a all 
(j* (jJajijVt c^*-ia3t UJj£jj jlcl 4Jl ^1 .((jjLo 4 2 JSjjJI ^>laj)J (J^ 3 ^ 

LoLqj ^^Sju LajIj V (jl^IVI <jl tU^A-Xlo t^jS 'L^ajl Ajjjj-aic 

Ajx j^Jj jaII ^ ^Uui Lo-ii*i .(Lujaj jl) Ajaj 

dljUJI oJjil? •S-^- 1 ?' ^J9^ ^jjj^ ^ . jaJ 

UjJiUU (JjjjI J-JI L_L>Ua ^ t ■ lUaj <J^»J lP 3 ^^' UJ^' c>^J^' 

,^^t^ JSjIj LajJ ^aJLJ Vj 
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4"<^LJt£ Aijjkj" I jLkla V J ^ .Telescope t_j j£JE ^qi L^j ^13 
.(4.3 <^jiu CjI jILI j^ll 4^1 >Vl ^ jl J 

. ! jl hull Ui=kJ 4Sl^o L-JjlLuot Jjl ^C>1 h nl ^13 a OA e^xJa ^3 

!S \JW Ml OjjUx jj^Q IgJ Lj 4 J^*i J* 



A 



□ 




4.3 js-a 
yjjlfl ij^t 
ASjlA*( (a 

9 jJtLi A^lc jjfl AjJa^ 4uJfr £4*4 (b 
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J jVl JuStfjL ^ J C> ^ >JI l^b ^3 Ua jijl JjJ 

^ill tillj (j* *Uj> ^££1 S^JJ (J*-^ t3^A3t!l &U*x ^ill JjVl 

^IS JjShlLj Jjfrl !jU 

p^jJall JlaJj JJL&J (J^-^ J^^J * j^^°J ^ijalo <j£lj AjaL 

hSmj p jjJall (JxAJ IjSAj .^l jjl IgjLl JJt 

4n> rirtj dlliUaj ^joi-iJI J 4j| 4^31 jJLj (^pjjil (j^ 

JSLj lia.V S-U$jB Cf- J .(CjLj^j) CjVU UUJ JjUi JSAj 

(j^Lo jj ^jlS .Sjjja. aL^jx (1829—1773) jj jjK"n>.i 4-lujLujVi 

(> Sub vi ujSji! v B i*/fl sjsuii <,v> ^ ^Sfi 2^ 

(jjJ ^nn^ LqIj t4 ft! nl % <aALoix <1 1 jU^jl J^ja ^ jjJaj-ftl 
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LIS jt^j jSa ifr^i (J^j I jj j-a tdlta L_iiLk <_>uLi jj Lai . ^j^Ul l 

<wL!i Ajjilill jas ^\ 4 La 1 -^^j Lo <^juiL iLjjSj jl 

Aj^klll .(<j^L t3 JSji) Ljjsj dJjSVl e Ajjiai jjb! j ^fljoiLJl 

^ dllj jo^iflj jSLu uu£a) Diffraction (^1 j*jVL) u'-i^J ajaIL 

Jc <.1il rtjfi ^Jiwj «L] (jjifjj 4^jn^^lL ^j£J .LL^jj S^L^a] jjSIj 

(li^ JjSI) fiJj— J^L^L JjSj ft jw . iajl j^i ^1 t^iLUl 



jl£l c-^jjjj AjJal 1 j <«liiJlj 4-Ja*Jlj Sjjaii jaj tChateaubriand Ajlj^j^iLi 
jLH ^ ^> ^Uuj^ll i^lL ^ (1842-1768) ^jiH ^l^Ji ^tj 
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Jajl^jilli .ijl^ jjjj (jJiAJ AjjaJill o^A (jjL»_£ Lo^jfr 

Jj <■ flUiaJ A^jS <jx ^olill *$jjJa]l lp j+^lA ^cJj e >^all jl ig\ t (j b.^^JI 
<j-o mlj^juJI iajl^JiU AjjouIU Lol .cij^-l (j* ^jlili * Jj^all 

f>2all 4> £li <*>uafl £ja £j>\M\ Jau ^ :JjL ALiau Jjjill 

(JunVi (jl lW 4 n > lajfl AIa V^J ^jiiuoa Ai^. *^jJaj Jixj ^1 

JajljJj) tliljjaJ} J j*. j (jjiJUU <j£L3 *3ijiJ] JjJaal S^Lubl J& 

* 

tilli <J£ j'l.no jA ftU ^qxj ^jJI ^jlKjnill ^Lu noil lift" :oU 

<jl 4_Jc- t . iaj jl£ ! 4lu^2kj a jTv LiiA jlu ^jjjj ^jjjLcjj <jl£ ^£ uW^ 

^ to j£x jj£j (jl (jSxJ p^jJall <j! ojSa l^ll*J tdlil 

* 

i jij jji cjIjL_^i icjj idii cji^j ...i+ a- d+ J- tl+ aJI^ 

tojji ^jjj djljkja ^jj^j l^J^ Lo-^ • 1 — tl + Lfcjj-Aj (morse l-HJJ^ 0 ) 
( j— ^ LjljLij i*y±l\ c-£l dip. ^Lk^l J 4^LilJJI J& Ji¥i.,ri 

^ (l- a+ a- a+) ui >ji .a*^vi s^i j 
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j AiLouj ^yla t fl>^iV^ll (jtli3l ji^ll CiL-a j lil . (— /-f ) (jJ^Jt 

^ ^ ^i^U^VI JULa JjU <^t (...2-*2+42-i2+42-i2+) 

<jK lij ciSlj .2(") J (+) UJ^ 'l(-) J (+) C> .AicLjaA ^u- 

i^mii jj^j (...i-a+d-a+d-d+) + (...i-4i+*i-ii+ii-*i+) 

,lAi*J C-lAjj ftljlu) J jll 



tillj /jj^jjui j ^CjUjjjSjyij CL^i^j ^jjj^a^ (jjii 6 tJjjJa Cii j a«j iUa.^ 
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qa l£Uajl tlxJjc ^Ijill ^3 SjljjAt (j-o <C jiaLaH AiLouJl A a. jA\ 

ja JjSj j 0*j tl+ Jj*J i(£LJl JUaM ^ 1+) ^^-aSVl 

Jjiu^VI JJ^aJI l> JJ>*U C-fljLa ^ill Oajll .(1~) U^j 

cjjIaj £JjJ .ilc t^Ui Jjx-ajll A^jaII Jjia <jlaJ 

.( f 10 "10 -Xl jl fj>-*i 1) ^jjiuJut 7200 j ^jji^i 3500 ^_>J 
. A7200 c> l^js j^VI « A3500 t> 

dul£ tLja ilo ^Lblijll cjLuoJI ^jjilll t^jil 

l* j — ^gJc <*j|^)J! lIjLujI jJ ^ dil jUti S^C- JlatJfl .0 jjJalJ A \ > g'iilj 

80 



Jfc uu> Jl_ j£j i( 1827- 1788) Jijja jil^J ja ^Polytechniques 

^1 (jlS Ail £a — UjJaLjj l^£.L^3j l^ tt fr j 4£j jj l5 ^-jLwjjSI 

.AAjLuJ JaC 

IjA. Iajj£ 1.1) i&2 .AaJi AK l^A (j-o J^^J U^J • 

^jc, jj CjliLuu^lj c_ <jl Las Jjj^il AomuIIj Lai .AJL-al <ja a^Iaa. 

J ^JjSjIj 4^ > nil! Jl^aH <ja jjSI AajLsJIj JjajLa 4<_£jjJaxul ^^-alxS 
?©jUaJ JJfl J^x ^ nirtll <J Ujj JjiAa. ^jJ ^1 .JjVl 

cA j&cl [...]" JjSj -^yj^j L$jSU ja 

i« > .u" r^jjj J^fljj ."[...] tibial AjLujjLj tCrtjuuAlc o^c ^a t j j$ ^-s It 

jJjjj 4;Jbj3 .lluJI otjS ^3 f. jjJall ^IaC J [...] ^aJcJ <jl dja (JjV 

^fl Uj( ^jxJUii ."[...] lI^-I-^I 0^3^ Aj-saUJI d^j^aj JjJa. <ja c L&SI Ajl 
.^JjjajjISI (jj^j (jl Loj-i Ua t . ilSaJ Lajjj Aj^)C.Ujj Ajjic ^jSLal 

j jjuu (chevinisme ^nLj a j>>^ <jI JjAjj jll 

81 



d^A dulS .t^icLtfuJI jLuij^l l^k <*-<aLa> SjALIa Cia^jui 

^Ula 1g"n> m ji ^i-s tgJ SjjL *<^*^ Lo^j«i .Jj5 Ijjat Aijjxx SjAllaJI 

iaLJ ^^Jl ^UJJI jli Spath d'Islande I llLui cA±^ Sj^L ^cij 

.& Jj^A j .i jjoj <K lift jt£ . uJ*fo * (jjjni^i^ ( jjc.btji JI ^ > hSij 

tljjluijl djjL ^auG :<Lo$i (J^xj ^.^^juj JS. (jji lAjUiajl Jc ^j^ac 

.A^UVt Sji JiaVI Jc J-^j tali u£j JpaVI u£U 

^LkSlai^l fj^l ^un ^ill jA tiA jjJalLj 

SjljpA^U flC> i m \UA\ iiLJI c^Jall S^Ju <. L < ttaJ ^jill 

(Jjj J laSlujI (jj2k.Ukj \ \\\\ > Lo Ijjj .^.Ij jUiia ^3 V] jjj-ollj Ajj^jJaJl 
c ^Ja]| ^jj^abo (jV £ j-^-b jaj V <ILaJ dJA J 4iV jIjjuJI ^jli 

LafrKjJajJ CjljUajll <jx (jj^j^J 4 Kjmjll d^A iiui] 

diA J Loj [iAjjUailyil CjljLkj tlujlil tdjlj ^^J ^1 iM Jc Jaj liA 

.(6.3 Jii jtul) 
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5.3 js-i 

(o-^Jill) 4*Jfi\ Jja**2 (b .uyj ^ JiJSu (a 




6 J JS-i 

♦J**-* Jj*- fr*(b .j^ci^5-*(a 
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? lc jaj*jjja ^L&l ^ .1802 ? l& ^ Cxy^ijJ t/j^V 1 t> 

t» j>^11 CuJU jjjjijx aI^aIuiLj <jit Anil! * jjJa 1 *g MVi JDl^ ^j-o 1 1 8 14 

.(jjL 4 UUfu jl£ ' «; U| u^j 

IgJC jjL^]| ^ jjJall JlaJ j <Lu*a« jb ^ ^ jjJ^x^all ajJ jiJ ^^ilj IaJuc 

o jiM <suilj ^*u*n ^jjJ^j^II ^jjJa^j ^gi^J mi 4 jj ja laJimlj 

^LuOhVl (JS 4jjj1jJJ t a j uj^Sj ^julJjJ ^)A (JS ^15 I^Aj . IjJA. SJJa-gj 

<j!1aa1I <ja £LA*-a1 iL^Iall ai^J ^ all 5ilia^xll ^x-aLxll Aia! jaII <xJaJ\ 

^Ljuu£JI < . ijSjplI Jj^"' LjjjS ^J^aaII {j j > n IjSAj .^Ajj^all ^jLiaII 
J4 > ^ ^-kJall (jC lit t*n wll ^»JJ .oAi*jll f jail] U^V J (J»nu*il3 

diA jtfb-oj <"Spectrometrie" l^j1*J1 <-*Jall j "Spectroscopic" 
"Astrophysique" 3 ftttll ^bj^All ^ jlc djj] j IjSa j .4ja£ aLjUI 
tjiA^icJI jsj^jjja J ."Chimie cosmique" Ajjljaill ^LajSII j 

US tl&Uj^ 476 Uj^c ^1 ^Ij jjJI 3j«JiVI o^a J*-al JjSj <J jSaj 
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VI 8 14 flc (jiuuifl cJuL j9 j$j j ja ejjjja. ^jliUlt ^j^ial! Uj^a. 

nJt £ ^*Ja (JIaj ^ill jjjujj-JI ^Lat IxjJaj (j! tj^5 t-^Aj t jj'^ nil 

^jL CjLj^III ^L-flaxt JS lit 4iV I<^*-bjVl jjAiui^cjVt J! ^jJJj^t 
^jl£ Ijj ^1 ID91 (jJAAjill jJAuij-ojl UJ^^ 1 ^4* jJuayd)2\ qa LSa. 

cJlvUJ] ^jUxJ&3l LjJjSjilt jSU <ibjJol CjLj^J i^J^ ^nULuJl t kjJall 
lliauittfl £ jjJall ^-o aJU^c dlj^gJ (jnUjj ^*^J ^ft^J ^-wwuja]! jaJI 
^ ^jJall ^jAAuJt jJU-aJ .^jjbojjJ 4isuiS J^ji jA ^jil t^jiiA.utll Jilj jjx 
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JjiLuj ^SLlftli ^ij ^ II JjlVill jJ ^j-o .^Jj ...^jaall 

Uj^jj JxmVij tJifJ JJ^Vl dLnAjajl ^ill Jajoijll liA (Jaaj £■! j*SM (J-a 

(jl ^jLjajiflj ji ^)L& jLo t^jVrinti ^jl ^xz. IxJ^jj .1.1*. 

' J*JJ J* jL^b ^^^ila Aiw j j.n^ j*j 
AiuaJb ^Injui; a£j^ l^Sfl Ifrjuijj o^j^' .^La 42.5 ^jjaIoII 

g"in> J t-JjJiu LoJuC I^aIq <jx ^ jJjouJ! ^jc ^jiajVl ^«Jlu LoJjc 

djSjgLa (jnfigJj .S^ J^a-o <C^jgj ^ jjJsJJ J ^Jol ^jl£ L« tiilj ^jl ^JJ 

lIu] jjja Ji jjc .l^k oAi^ ^ j AjjIjII ^ I jix jLS 300000 
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jjja .1849 f lc toSJ <c >JI ^^LcJ j& 4 jjja 
t*Ui jSj ^ -ul Jc) fjlo 8633 3iLa* U^uj J*^iuj 

c- jjJa jl^aLj a> 4juj^o CjjIS Cjlc-t jillj .<C jJ jJjij <DLi. 

— 4uj jjJa <LaJ>^, (jU tuu ulla cJ^'*J (J^***^ 

<c> ilio> 720 j^U jl£ tAa^U Likjj -j5j-* ^ <j-bju> jll 
<c^uj jji li^Aj .UjjSj a^IjII djjj 12 Cul£ 4jjjjUalt jt jjJ 

^ 315000 iilUll *jh^1 

(jx jjV ^jl^a ^LaIL jjjL> Cjjjxj ^jjjjiloijjjjoi ^jjij ^it jll jliaill ^^L»j 



.(jjjJadl AaLlLJI <>uIj l^lo Laauu^ai 
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(J^lj tVjl 3 > /nil Jaclj jUjaJi j£ j3 ^JJ .1.13* t*JJ-u> JJ^ al^-a 

.£l jU ^ jjSI 4*j»u L2ajf ^iaL *j j£h ^ UK 

.l-la* Aajjjmu (J^lj. . .4^^* jA AiStiSlj 

AjJj ^ill jjJ jA Lj VIIa JS tjjj ijjlSB A&UJI La jjbll 

jl jL ^jjLaq j jji Ajjaj liJcl 1 jj .(Lbjl UjUJI *l j$JI ^j) £1 jilt 

t * " 

CjIc^oj cSjUII ^ jj^uju jljfyli AJb j .jjlll ^ lil 4^jI JJjaVI 

J^>,fli Ac jJL jlj^l J£ t^llj 4^1 jill ^ u^lj 

jJallli -^^S ( LpJ^ ^ ?J>"\' I-^a- j-all t > n?l1l 11a . AjjujLujI 

L^-jU ^_ftjJa3l jI^aI jil 5jjou3Lj jjJall Aj IaJjJj (_^jJI ^jiiLj^iUj 

^A c^jjjtll A£^*j CJ ic ^jWfi ^^jll CjIjpIjjII o!a (jiaxj . jjoIuia 
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I^LIaj JL/Li. jx > rijj Ul tilt j 6 JA j^aJl lIl^j ^ I jxa-o 

(3^>laJ <L-ul jJ j tilJj <jall3 £fla3lj j£-aJ . j-s > n j La ^^joi J2k jj 
Akis\i l^j jJC ^lll CjUIjjzJI (j-taxJ ( * ua jl ja A=k Jjj |jl Jet j *W-!/Lo 

Jul) JjjVf, >^Vl . - Jjl jUtll ^4 

^(jixiji = j> h-st +<jjjl + : jl aSja^ j^ laiUajl . ^j!>Lol£-u L&^jl 
i^xijl = (jjjl + jg^l : Jlo ^jlui^ll CjlailaJI jx »L>» l_u£j jl 1 <n 

^aaj V jljll c_i£ jl) ^jij jl LajLoj US .JjJaaJ + jAiJ = jik-al jV 
jlj&l .U^-ax flAaaJj ljUjSLa Ujjj tJaifi S^jlj AjLA jl 

J**^ J ((i jjVl c> £ J 3 ) Cyan ^jIS (3jJ i Magenta ^Sli j^l 

J^'j c3jj 4 c^'^) 
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l^ujjl U]j 4 JjjU Cjjjx ^ s jLi^i Aj^J LI <Remanence 

AjLuxJI Aj^aax-aaJl d^A .SjjUI CjU-bjilb fJaS Lo^jC ^iiaJU 

A^i £>i* jli cdJj ^ .(Un.nB) :1895 f lc J j^Vl Ac Jail 

Jj^joiSLo ^(l 861) ^jtj t^ljS t(l 841) <iLijjjj A^yil* ^U^V 

IjjjSI opll (1882) y?jL 4(1865) j^SJi 

fj^^iju) ^jj) SjjUI ^L^Vl 4*J t> e>\*4 ^-il-^V 

t j^L-a*]1 u'j^ 3 ^ (i^^ll '(Stroposcopie l^j^jijJuJI 

•Epopee a (fta^Lftll <^-uj£ aLA£ *^sl\ (jj^Will (>s ^ jjJ 

Uuii^ AjjUi (^Vi) jjsbiu 4>s v ou jtfaj .ju^i op t ] ^ 
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4 



(fiiS ^1 (JJI <4US <Jc oj^ 

.^jaJ -kjl^>i5l IjlA ^A\ — * j>rttt .(^Lui^yi I^A ^Jj 

&JA ^3 4 1 Mi nil jA 4 <jj jjualx-Jl ^jjj^UB Jal^. i^iaJull fit- 

iiiljL»jlill <ilL»l iljjjSjij (JaL jjlS L»S tAicl^aB Horoscopes 

t * 
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A=kj tl^Aj •uj^' if*^* 'i^ 3 ^ CP" ^ iJjSluwJLj 
j4xJlj ^33 Jljj V AjjlJaall ^1 ja^l M>> ^ dul£ ^oll cliS^l! ^ 

Sjf>l SjfrLu^J jSlj 4dJ ja^oJI 

.iljj tTrique trame j^JI chj^ ^Astrolabe ujVjj&J tArmel 
tLJ j*j .Ai>. (JfLli ^jaallj s-^'j^N ^(Alidade 

fji ^A i^^jaJt ^j-iaau AjxjJo VLft^j tSjSa Colj liA (ja .*^JI (>a*J 

J {jjix ^fl tllo l-la. S^i*J 4S.I1*-> 44jjIj Sj^jS Sjlj c ^J& AjJaJft fjaill 

.liA tlajj ^jja. Lbj fjti tjSI jSJlj ^ jauB Jjji-ull lOA .(CjLuB jjI 

Alpha du centaure jjp^j >i tJjlS ^ ^jkinn ^illj j^ft 
.(s ja 6000 — j uj jal ^) <pj^a Cilc-U Jau 4Pluton Ojp 
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^^jjl jjC- t jVrslt l-iSjLuj (oIsjujI Ij (jSlj t^jjj->^ iB iaA9 ^IKj 

L-s\ ludSlmVL .jxillj ^jiajVt (JJJ AiLud-ail 1 g ^ h m (j* (J^jV^ 

^jLult jA IjU jSIj .2LojU ^LjIjj ^ill t^Ull 

aJU^ Jfit tiUi ^ 2SX& a^^uJ) ^jULoB 
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JljjJ tsUj ^ ^^iSjj .j^li tr? f**& l£ 

(J*AjS ^j^ujujLo] (jjt^^ti (jjcjall jI jl 4J^Lia3I Aiuj 550 

jSlj .Ljaj) 41* i JcS ta^lj c/ jjj ^Sl Kheops o*tj£ ? J 

£j| j -Ol <Uc JUj tMilet <— iLo ^ lA?*^ l^J^ ls-^^J 

ajjlS Jlu2k jA-a-o (Jwajj jll <illj ila eUajai j3l <*-SjC-) 

ISjIj U^J^' ^| J ^ JUJI jLjI) fj* ^Ujjt J^Lujj 

£» JL YitaJll 

1.1a. jjau-sall JIall .(jiajVl ^^C- SaLuj ^j$JI jjt ^.Lill Jlall 
^1 j]a£ ^^ila g u^ij LoAit : (jJJji ij^jc J13 4 Liaj! l^Jc Lluaj ^^pllil 

(I^Iij a£>UJ!) L^iLbl ^ LjjJjull j l^jyij U jjB J£JJI tilLoj l^jj 

^ja, jhTn (ji c>^^ $ J^t -^kY)-^ a SixAj ^CLljIj 
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0 A' B' 



1.4 

0**JA AmmSli CX3^ -0*i*£ f> O^Z l| ilVh.il ^ HiJeti (t 

£li3J J <^ ^1 j <i ,Li^V (b 

.1991 
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<> JJS Jixj .(AajJ 180 J\) 4 rtjVlnirt Ajjlj ^jLuu Cilia U j j 
ilia CiUUaljjll 4aJlJ AlAj Aj^ki Jjjjctli tdiSjll^ 

4iAjJI jU dlj jIjIS 4j^u3! ai* Jl jkij ."uJjiVI 

■» 

.A-ijaiJjA ClULjtjj ^.VVutilj 4-LLjaJI ^ AjL& Aij^laj ^jlj (jl JjS-gJ 

^^Jc. h > A3 ^li .c_naJL IjluI .Le Sinus et le Cosinus ^u>*^ J 

a^A JjL ^ (flOOO) 1 4iLuix ^JaSj tfUajjL 3JjLa Jjj3a Jjla 

c_JQ2l (jli j .(^100) h ^UjjVI J^Lu La clUxj^a gjSj djli Jj^Ul 

.0.1=100/1000 Ulllo il/h Aj^ill iLLoij Ji, ^ ^^kSI 

ClVl ^3 a^A LloLl ^ <a^ojxo iaJljJl) Ci1*fuB c-jLuisJ J ^ 

Jaa jjli Ijj tO.l J-^Lu < . m> 11 ^£lTu t i t(Lyj&j ^h* a J\ ujLuiaJI 
gli ^JJ^kl! H , ^1 IjJ Lai (> jShll jLaj) CjUjJ 6 jA (JJjkll 

v^JI a u '30 J^Uj J^VI jl£ lil ^ ^ ^1000 —It ^ 

U lilj .^00 J^Uj L riiUin jjS ^1000 J AjI^j ^ :0.5 JjUj 

g*J ciUj gl jSbj <J £)Wu^j <-r»;.mi li^A j .x/1 
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?oijVl >i uk-w .20iU jjjli. jj^liD <4U UBUJ 




2.4 JS-i 

jfc jiiu gJbu 14*12*4 oja Hjtjis <ku.i^ >uit j^y* 
V-ag >iii jUji gus-i cfi*i ib* otjjJ >j» -u^i 

AJLfijijSfl SjjSS *j* .1543 ^ USto. 
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* * * *- * * 

J j± jjjj jVl ch f&*^ ' 1534 ciLj V jlw 

^11 nil j Sjx (jlfl t*Lj^jj^l 4 uniflj .^^aIjoJ V jl jiaxjjjV 4 (jJjljlj jjll 

ja Ajjiaj jLjaolL t^Ujjlb :Helio) Heliocentrique 

(jAAjill jla Ifrfuda ^jB t^bjjUj ^ jVl :Geo) Geocentrique o± jVl 

^1 laJ ^ lc LLaj&l <9 j A-o^LJI ^jjAIjJI .(jJbjVl Jj^ Jj^u 

Jj — £c — Jalj j£ — 1$jU I^Aj tL-JjiJl ^fl t, . uxJj c-LojuJI 

.jjsn jSjx c^JUii t^jia > jj ^jVi jiiii Ij^j *u&u 

dillui Jj5 (>j idjjjc-ljJ I^jc- jjc ^31 Jj L?^' j 



.\jjnUW Jjli JJ& tillj (jli jJiUa jj& Jl^u 
4 till j J^l ijA .QuAtaW JJ«ia J ^jj^JaJI (Ja (j*ula Jj^J O^ajVl Clijl£ 
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.^uUii *uji UjSjj csis jsi c> a 

lAafc. AjSLq <*ju-oj till: (^Jfe Jf* '(168-90) Lagides (JjUaIj^JI 

t*iy>i It jb oJC-l ^ill *LiS)fl jlS .(3.4 jlail) C^J^I j3 

clajU-a .Horoscopes Ajila LjLaaa* ...4tlix-» <ja Jl jJ ^^Jc- 

£ja>tlll (jjillt AjliJ 1 > j t^ic (j-alilt <JjSll A-POjula3I AjuUjSJI 

j t * r. ^olill (JJflll Ha ftf-^J ' JJ^ t^g-u&l c-l n UlI <Ajyul\j ♦ 




3.4 Ji-i 

0- J^jd uiSIjSH OljUu iu-jVi ^ ^ <^j3* <Lij fLifl 

* 
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Jji 322-384 *jk-J Ji j^j) ^4*? J*J f J 
<(.£LJ Ji 230-310) >.Ly. >s tdjli^J ja jsJ ^Ujj £ jial js jlS 

clua. t^Ujai) AjjliLa Aiijiaj t4_uJxJlj \{\*\ dn=*J ^uoil 

*UoaJ jl£-a .(4.4 Jli jiaul) J (J^J^' U# jll 

Aijiuo ^iSj) (jnWn Liajl Sj^LJl t^ftSltj cH>jSfl <j^J 

-^J <C >4A*lll AiLnoll UjLyoa. ^LkLyjl t(l^J ftljJ ^1 Ajjt jll j JAlU 

J ASjSaJI . Ig-AC ^aaII Oau ^ %ja 19 — J jJSI ^jfr ^uui ll 

(jaLSl Sljl 4jjjaj jSj tiljIlMiJjl (jSlj . JJ^i ft^o 400 jiiiftinB 

I &b j IjjjS djkk jl£ IjLJ ^ij j cAiij 4a jj 90 t> AjjjS UljJ 









( 


r 




< 






i- 


^ 











4.4 JS-i 
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46 20 >ailt c> CjuIS Ij]) SjjjS JjSj jl ijjju 

^^ix-aa cJ^J^' J JJ^ (j^ull! <jL ULi lit ^HjUjj ^aLLou 

d AjJa ClqjSU oUJyts Axl^V JU JS ^ 4_tfl£ !? d jA Ajj^j 

<-jjs«j jJj < . i,i ill j olt da jit t*ljti*ju jl 
-1473) 4h>l£ VjS^ > ^A* 1 s^'j iJ^ •••ujj* ji >s 

(j^uuiil Jja. Jj^J ^l^JLa <J^jSHj) <— jSI jSJI /jl LjbjiLo 4 Jiii^miB 

t*Uj JS .l^jaij Jja. ^A 4-i jj^j ^jjl ujijll iAjjjb CjIjIXo 
^9 A^jxJI jilt A£j^J J^J^' J* t^^joiLail v *£-dallj 

JmujJ ^si 4"lU> ^jU JaSa Jjlj-i V%*Unlj .^^Aljlb (j-o (Jjubal (J^aJ *Loxoll 
Jja. SjljOlt Sjji^-JI jjI jj]l J] j^Vt jA laJfl <fl jj U Jfr 

^ f * t ^ 

lSIIjS S^iuo iiLjjjjS ^\>^>^ aIL .ijLS^ ^jLcLjj <Lijj t 

^jJaOuU V .Ia jSjx ^3 ^jlajVI V (JjaaJJI ( *-Jaj Ail jj£ t^JjjJ ^^alt 
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<loC (jl tiLjjjjS jjS tv injj LuuJa Cjkau .jJjSI V S- 2 -^ JLSiujI 

UJ>JI j^ka 1 1543 file tdli ...Uate. .lM£L 

lillj Uj iU5 VI -1*1 dluji £ j^oij pi jilj tDe revolutionibus jl 

pt&jVI AjjC-l ^JalLtt JJjJ p$la <j£ <jjpfLjL>tiA t<jfill£ tJPjl Icjt&ll 

Alu^k j j^juj ...<jt&l pL^al ^1 a Kj^i * ^ ^1 jpu plj LjaIj tiLjjjjS 

tSupemovae (^1^_>0^.^ juj ^ 7- &j ! jl t c-jSI jSJI AjSI^a 

a*j cdli jla < ^ytjj tl609 P lc c> IjLucI dlij Jaia CjI^ ^Slill 

dL» uil A ^1 ja jSjx tiillil] ajjja. ^^jjj ^jlill dLjJjja 

.Uranibourg ^ jjj^I jj 
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J£ ^jjj (j-o S jjg Mill AjfUil! CjUk^iLJt fjn jt$i j ^jj^j'jj' Jjl-^ li^V 
liA ^lill 4?jJjja <4 jUIJ ^1 IjLJ .* jlaJ U 

J *I^J^ lA* -A^ 1 S^J* (j^ 1 'fcjJ^jJ 

^ilt j tALSlouo Aij*-al (jfi j^VI c<wfl] jj jj j^LI j^YI ^jc a] ^ jU 
Benatky (J^y j^s& olkcAi aLa^ 5-o131j oLI I ^Aj dljjjfLij 

(j-o jis 41 klagtlo ^) J^-aj oIjjjSjj jl£ cl5jll IjA ^ .tiL&]l 

L-JXji i^j AjjJaUj ULjai LjajoLa Q^aJ)l\ Jj^ J£ jljj^ * . lf» >i 

^ jSfl Jj^ (j-uuiJI jl jjJ S jSa ^ jaJ A^ qa jfllj ilgia* 

1 i* v h"i ^^pll 4 ejjjlaJl jaA\ l-iA Aa*j^a Aj3] A_uuillj Cljl£ ^Iill 

L jUJ fjj { j J £\ (j A$aJ 4>j jit 

^Lki ^1 JiiL p\l jj 4dl jjjli ^li U Ijaj 4JJJSI Ji^\ jjjll^ji jlL 

l^jl-V 4L;jSjA A3] 4iiLjjJj£] ^ill till j jl ^Uij (jj > < ^jV^^ 

:lia.V c^C- Aj& Jli ^Uij .(JaJ)l\ l^juij jjJj (l^J AiajjjJI 
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Ljai ^ jSuj jjj ^jiQj ^jjaII j-^u t * t(5.4 J^^l J^') 

28 dj-oCj iliual tjljS <jlA^> ?<LojJ 

l^alc toljjjliil (l^a) t^cLubc 1601 fit jLS l&t 
^^aJJI AjJ£^o ^Lki dii jJI tilli ^ iaa 

^!)Uayi ^ (j^Sj kuoU otjJjSjJ -lie JxjlJ ^Ij .tilpJJjS 

jjAUaJl ojOcLixj oljJjSij AjSlall dUaa^Ull cJ^l 

lUJI c> JjSfl J$Al .J*LiH L >^uill AjJSj-o ^Uaj cAj 

I^aj ^jLa^L au (jtljjiill (jljjju<aai ull ^jIjU u. ua. 1^ Ajxa-o 
(j* (L;jxax tdl^La cAjl jjc. jISj lS^*^ 6 ^^J^ 

.oJ jjjl jLS JJJjJ ^ jju^ Jxj li^Aj .^JjaJI j * J^Jlj 
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5.4 js-a 

4*~o21 ASjaJ j*«i5 Ji-^l <> -(>»jV» <> Jj tiS A^j*JI ujSjS Jx. ^fl 
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<jC S jAc CjIa L n AjIjS ^gJc tS^a. La^lo JS (Ja^. t^SuSa. 

(JIjjxj jj ^Ja Lo^-iiJ JjiJI <j-o Sjoill ^jli cJujjS/I .Lo^JjUj 

JxC lij jLS JaS! .Ajjc, CjUajOU J jl^a. AjU dl jJj^ij jl ILL j 

I j> nVi^ 6djj^*Loll Aj^ijS ^^Ic (JAjjj j^lx-a t * ua 1609 *J^J 

J&l tjJs JslLu Ul£ j ^jLuuj (J-wlwS ^> uujttl f jaJI ^ uj^j Uajc 

<J A^ijJalj jll ^1 jill UjLLj JjS jLuL JUL) Uai Oj^j cAaj U 

li$J AiiJ 4xu,^ll jl£ ^^Lfrt) Lu>4- jjJ jl£ 6 ljl4 Cul£ 

ojV -(6.4 Jii) c*llj£ 

. uiikA jaSh cJ'^j'" 
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6.4 <J1— i 

.(b) rtji&u (a) ^jSJ ULa-Jl (d*^) y-i-jS <Ji*l 
107 



(ju.iVn V ji -^^Slill jUaiJI ALL* j^]a ta* I & nil ^ill fJsJI ^ .objjall 

l6 Jii- jlS yjill 

li* j "yj^inij :Ljajl ^aI jA Lo ^jj^I -Ollj jUbu-JI ^yic- 

^jj .Ifrijsu ^1 ^kjVl <5 (> U w "^ .jcjauua 

jl £>^A ^JL-al (Lajjjj) US ikL jl jjJ j£lj '^y-o] joJ ^^11 (illj 

djIilL cUjll liA t AiSlj* 1609 f lo j* IjU&l j£lj idfc 

C5^- U^J^' ^loj j£j ^Jl tjJJ^ll L-£ji5l liA Jja> jjJj 3 jjixx-a jLoSl 

£>J1A jx IjLjfrl ^JJ^I Jja. JjJj fijjxj-all jloflfyl cAjtuUI ^ tjl 

* * f 

AjjS^a ^Uaj 4C*LjjJj£ AjjIaJ j& Llojuj j ^IjUj 1*3 VO Uh AJaaJll 

(JaJ j* li] . I gflj (JjA. Jj«£ jl ^jic AjAjJ) 1 : V>j j£ij .(JiKftirtll 

JjAJ jlij ^Slka CjVVJ ^>la]l jLoft AjlWiU ^] t «j>^jni 

L-ik lift JS »(^1*JI AiL <"Ar.rtl t(^LajlJ ^ jaJI jLiJb) A^JajVl 

i^jfrj A^li] j tt-i jA LaS tlnquistion (jVnfil) a^^o c-jcIIaII <1 

AjjSjJI Uk o^JJ J ^ ^ '1633 ^k <ji Ajj^o 

* * * 

. jLS ljIjSI Lq ULouaI j*j ^1 ^Uld jl y jJI 4jk cLuj^j Lo . AjmlauiII 

<U9 a^jj jIS Aj^aj fUJI tl609 ^k ^ j& ^ jl£ utiSl Ija 

jk» ^I^a] Aj AiuiJ jLS jl jA ^C-jJ^ .*LuJI ^1 DjUala ^^-LJLc. 



.2003 4 jjL t ()F yifc u& tlj«ib ^1 jl 4 >Jii JjJS jkil * 
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U dUa jl£ dUi US) -d«*l j (JjS US) 6 |jL Ait V] 

Uja (jpj^j tliUi UjSj US j t^j . 1 g > n9 i 

^Ulc Jla l^jjJtjj Jll *UiVl < bi^flu <juj j^i 

.*JaaiU *U£U j dsLk^UU c t/unii <J3 A-uiWII S ja«iJ Itfj V) 
jJ 4^UjSluax» _ A.h.i Vigil JlliVt I ilWi CjUjaLjll J 

£ jlaS tAjLbliall oV^UJI iAf^W jIjc^I <4j>u£JI j|j&Vl ^Ujjjjj 

* 



tLeptones tCiljjjjJj djjjjjjdll = ^L£ <jj j>r>^r , dliija. rHadron 
CjU^ijjili) AL£ill OlujaJl ^J«S ^jj^ mm cjUj>. Quark idib 
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c-4juAaj ^c/^ l?^ -1 tillfiil ^lc j J;JjA lIuLlm Ijjii^ i^yLi* 

.djbjojuui (jj^ 4 (*J^' W^J-^ tAjSlftll ^oj^-it 

^K . nj jl (>aJ^J dlaJI t> JU-all l^b .ExOplaneteS jU> 

(jrtA^ll ^> AjjjS JjSj ^1 Telluriques A-iJaJ Lbj ^^g-^uu 

i(j^J)}\ iSjAjSt OjUaC iJaJjUj ^^LJ J^*^ Ajj^ >^> IgJiuJaj 

A^U AjL-a jj^Lj^a ^ ujSI o^a (JjSju .Deimos ^J-^ J Phopos 
»Lu*JI A^jUll ^ AilcL t l jiS J Sula 

I^juaa ^o^J^j l>*J^Jj\ 'UJ^ 'uj^^ t^j&^utt :4jDLo& ULi^t 
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JS ^j (IjLSk l_i£Ij£1I JSJ jjjjuajl! ^jx jjjSj c jjjj^sj t^US 

lift .IfiljaJ <JJJ <^A bcL-aj j^l tLu^ajl i^jVl .CjUUjVI 

.Ujj£ |$ jjj^aa Aa^L fljaJ j£]l (j&xi ^j 

^^Jc LcjJ <jia j&j CbJaja I^jSjjlaj I^jLL^u tt^JjJjJ q\ /m%i UJ^ 

A LaJ > ni JaUjS ^LomJI jjju tSJjJu (jjSj Lg-jjc tl(p«j t iVi ^gi] I jA. 

: JjLui) qa jjj-oj Lcjj& Ljjj5u 4^_jL1* AjBJ^laJ t4n> 

^^-ulLuil ^AjJt tft!ylc.l l^JjlS] (j* 1 it ^^j]) t<Jjjjj]l 4jyG^)g]| ^3 

jl^C-L Ja. jj SjJ^Vl o^A j .CjI ja^l CjU j£-c ^Jfcj jSll jjJj <Uja>j 

IjLo <j£lj t^fUL t^jrtAjualL IlJ j»J1 VijjJ ^jjl c_fl^)xJ V lLuaj SjjjS 
4 h^^^Lftll JjLujj] i^jjXftLt]! ^ jpSI t^jjal^ ^^SlftJt ^jt Iajj ?-i«J 

^iaLLall ^J&^.l (^4^^ (J-**^ ^^JJj^ 'l^Sl^ ^^iH 

jl^joil 1 a ujSI L-fi jj .si jaII 1 j LjJj£juJj]I ^jj jjj ^ j^l j 

in 



^j^ajJ ((jVI Ala LuSaJj .i—ijftnttMl t fll^ £ jjJa j-a j^juj ja ^1 YV*iml (J t laL 

o jcjj U fj tjAj jjj! ja) Spectrographe Jul* JJaJ 

La * ^JaS .AlLi J jVi 

jiSl ^^-x^aj Jalj 100 l^llua tAjakL^J AjLia.) I JJJ& jl !>bls ^^jJqj 
A jauJI Ajjlill A^liJl .^U—UJI D^j <JX<A\ k*+J&\ ^ 3 Jail! .(JjJLii 
jjlfl jA La ?lJ^I AjI ?uj|^Sn (> f£ .^j-Jall AiJa C_l£jJ ^ 

<£^*]t .(J jsS (jA ^U£JI Jjj ^jx Aj jl jJ 

-kjjJ jll <ilfc Lai . UjLjj l$A,liJaj| jjJa (, fljKj JLcjS U_u£jj 

^jikjaiJ LaJUC AjI ujjjxxa .lla j£l AjjouILs 4a1] jpSI ^jjllL SjljaJI 

^jjUI <jaL5 ^jS-oJ fjl «Ja > all tAjjjjJall o^luillj 4^gr liinll djlj^ A^jJ ^1) 

jS-oj o^lj .(^j&aII jl) ^ajl^fl JjU"iH ^I^VumU djJjLx 

* * * " 

tAjjljVl VdJjxJI ^jaalt jLJajjj c jiijSj ^^£3 J»AJ Ul£ lij tlSjJJ cJsl 

.(7.4 JSoi jiiji) ?c*Uj ^ UuS ^Ij .^1 ^Lui- ^Ul i^ULi 

-kx£ ^uxj (jl tSjJl a jlA (jSlj . LojJ jA US ClUiLtlt ^liaa^Li i^ji»]Lj 
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7.4 j9Ld* 

.j-ifrJ JbUil lJjju ^ AjLjWU f jaufl *u ^ !^ 

21 jj UjjlS 21 ^ jgjil Alyj U^-UJ Jj^aij ^JjLttJJ ^ 

fj (JjaIajVI u±? Ai^sLaJI AjjI j]l L >*Liftj (_ua> jjja. 

.AjjjjJa <Lua 100 (J* 

^jSj ^pll Cephides cjI iauJ 4^aU> L>?J oia .UjIj til 



.(Unite Astronomique, UA) AjSIs Sj^j 1 = _ ^ jSM AaU^l! 

. JLo jL£ ijjjU 146 = 4Ju* 3. 262= U A 
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LxaJ 25 (Jjjj^ <jl .Jju tliijjiiA (jJJ .1.1*. 3 alalia AjK a j ^^JQ^ ^ aVi 
jUL-uJl liA .bUkyi J&Vlj JJS^I <jA (JaJJ Jji2 ^1 t*Uj J 

Jal tlaliLuui ^^ic jjj (JjI bfljuaJl oIa <J£ j! jLjjcU a-in^j <jLaj 

jJuj 4£jubj-dl j 5ijJaJ Ia^j wV ^1 tAjjjjJa Ajjuj 100 (j* 

(^ijflLj LoJj& ti^A J .(2.2 J^) ^iluuJl £}J* CJjlLfl £x (jU-kjgJl 

|^ SAiau jifljjuj .1* jj <j| il ;<jj jjJa AIiuj 100 (j-o JJ^I tllliLuiAlj 
£cjUj (JaaJ La-lAC- ,<Gx L-JjjSlI .Jjjjjjjl Axj ^jjIIaII <jl t Lu all 

Jj^J £ j^qIlq j]a3 ^jic jJJ ^J^jfl (j-a ^ rthir II 4 Jill it 11 ( * Ua ^(lJ^JJJ 

^jaJ ^j^a jjj 4 i ^19^^11 SjljaJI 3ajJj (jbdajull Jj^jill ^UajJl ^jJ-ajJI 

.Betelgeuse jj^ljyj L&-a j**^ AilLwJl :<1jLa j 3 jjjS t^^U. 

tSj^Lia 4DjJ*j-fia l^j] 4 (jU 1-n nil AijxjJallj SjLaJI ^jaaJI ^ j3 4 jLuull 

(j-fi^Vi ^ficj t^jAlall IjiA l£>Uajl .Naines blanches ^Liajull jjjll 
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A^Lki UjLlC (jjiill ^ ^^ic 

^jaiaj U JSj 4juoU. iliufyl t C5 £LJI L ^lall tj^xjjjJ 

C-L^C-liii]! J^-Jt ^ c fl^Vslj tLjaJ AiUsk jA^aAJ Ijjj i^LajuJI 

Jjul JikjJ <jl jS^J ^ill iaLjj jj\ 

.3l£]s]I ^Ujjall ^ c5>i UJ J^iy ^ ^ U^J 

AclK'ml djjL-a J Ua i^JaUl <jjill AjIjj (dill 

3iXaC. CjLsjSjJj pLL jjt tilUll ^i«J i^U djL-ajua^o ISj^J 

Wilson uj^J Jf> Jc- Palomar jUjlU Jf> ^HJJ^^ ^ 
d^A Ua .^VurtA j S J-**-u L^l^^ U^ 5 ^ UJ^^' 



jlofl . 1 ^ n i Vijj I^iLLmjj ^vLiiil 1 ^ jv ; jc 4ijUa j>>ir> Quaker 
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£-o tdjLuLij iftcl (jiaxJI .Nebuleuses CjLlqjJuuj L^jj-^ ^jj 

Jliajj^jI ^jOjuJI (j\ ija JjSI JSAjj £• jjJajj 1920 flc- ^ JjqA (jSau 

jj^JI tilli ila j < . nU II (jj^ia jf^3 Andromede 

till ja^-oll ft^A (jjSj La^jc .c-LojoJI C)l ja^-all ClIjLL £§1 ja Jj^au ^j^-ol 
t^JjS IfljJaau jjl ^ jjla. 1 $ > j . 1 j Vij AjjjIjJ <j£J t|ln>ni) ^jjj* 

0 J 

• ^ * e # * 

CjIjULo S^C JS (Jj t^jjj^Lx lie ^ > <axl jS Ubc-jjJa <jl J^l tAjjjjJa]! 

\ Vip . j a I ^ *ir*- I *<1 1 ^j]| A ft l i ila II 1 ■» It l S 1 \1.>m ^jlS J AjjLaj 

ilo jl£ L£ al^p 4 Alpha de centaure jj^ larf 

CiLlx (jC t 91 u ^ II ( ; i^Jfl ^ la i u j CjI^^o Ja^!)lj LojCj i4_Luj ^jjjlx 

U Ul^>j ^jll (J^iaJJI IISa j .jjIuJI (j* CiIjLiUI <ua£^' 

Uj^] L— ua cAaaujlj AjjIjjx 4-a>jl Lo£ 4<Jj^*La A^jJ V] 
^fi 4^iC. ^-jl^l cHO^ 4^^' ^ iAillljJI A-jJJg JjVl (^jImiaII 

u' '"^4 j^-u c) ^j' j^' ctl J^J^ < ; uLa dJlill 

t^jjlj ^lc. pic cjli ^JjjB 6 ^ -'jSW 
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t> dy* jjjj iisJ d930 - 1929 sj^lt ^ia <uk j .^j^ill jJ 

AjjLlqJ^I l^jjfl Jj J ^ L* fjaill ^1 ^ <£Uo iVUaJ ^jSj 
Uu^ij ft! JLLqjjJ La iifc j . jAa-Vl J^kj gjl SjjjSJI Jl^oJaVI ^LajLi 

fcilli jLoj Ul£ jSIj . j*a^l j^j ^1*11 AjSUB iillL 

cdjIjLLiU aS\ M li. .(u> '8 jtsl) Dopier 

.Graves L$i«ll 4_ulSII J>yu Liu <Aigu jUII JjVl 

jUaSlI Jlo tUfr .Ijujj ^pll £-1 t^n^Jlj . J&\ LJ jj-a SiutfL^JLj 
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(jljJVl (jU 4 ^ L-Jj^ij LoAixi .Ljajl $ ^ tillj ^^flajj 

La-ljOj ^L*. pjjJall 4^j^aSI Aa.ja11 J^ia) >n?nll jj 

.be Jxjjj CjIj^xII : L^j3 l-JJj V 4^jlaj Jl JjoA Jj^ajj I^Aj 
.^jifcl C-L^LoLstAJ IgJaJjl Ifejlaujl <C jjyj t fljl^au J JjljA jJjLj l^A j 
.SjjijS UjIxjjI Ac^joj 4 lie. SAaxj CjI j> a\\ Cj^S LqI£ AjI lit (jSa>J 

J* vltfUll c> Ap*l] ^Ull iiJ J U <illj .(±) j^Vl U^lj 

V jiua ^ Ui^j d^AUall jjjuoflj JC/Li. <j-o djJa^. dJjUaj ^ill ^^jJaLalli 

(jC £l-l2kl jll H"l V v" 4 till j (j^Q l£Uajl .3-1^.1 j J Cjxj^i 

AjJU AajS CjUa^^Ull a^A dllacl .(8.4 J^lll 4^>>i jj U£ 4 j£ja11 

0- illj 4 1920 r lc J u^ja ^jjB Ul jJi ^\ AJjJaaS oXohll 
<xL*ll awJI Ajjki 1£U*jI 4 1927 ^ Juaj\ £jy± ^^lill 

1- lu4jj :hij ^ill 4^ua jj^ll SjSa ISiy U 1 ^ j j I^a . jjll^V 

S jjir i r> AjaAJ 3j£j* 1^ K SjLall illjlS 4 c jj£JI AjI Jli Ajl Sj^S ^ jaij 
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8.4 Ji— i 
.Up jaLj » ja_Jl (jli tfrlj j«i ^21 
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IgAiM ^jojL Ift^V lljXttJUtf AiuC SjAUa JJjtj Cll3kJ -IxIl! &L*i djjukl 

^UajVI tf L«j 4iSf ^ -Big Bang jL^VI j 

j-olc- Ujj .4lull tdJiS ^jjal JjjL^aLJl Jjl 4jU>i2l jA J jj^-aLJl ^jb 

j 4 jj^JJl ^iLxii ^xuai] iil£L oLLcl ^ill Jillib 3 djlja. 

3Ja.U ASUall 4<kJj* 4^aiaxJI jUijVI J^ui] 4tojS ^ia.J3 j 
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s 



^jiu] j$i ciUi .A-ia j-ftC J&\ ^yjx-o jliib tA-i-ojJl) SLpJl .jtlttKll 

Lg£ ^Ljifill flic ^jc ^jjA^uj 1 UiiU t(jA*Ji CjSj ^jc L-bjl jl t jVull 
jjj£J LuiU Jo-gjj (fjbiH Aj> J >»1 ^^A ^^jII f-jAlLoSI o^A tilb ,<_£^)iu> 
/ll^a l^i VI jj£ (J ^ jfc-ill A^Uall 5,lu Jlc JLtU CjLSUJI <> 

j ^.lo ^^-It j iti^Aj . jJic ^jyjtJ) (jjSlI 4jl-lJ ^ <(3^J ^-flJJ*J 

tdhjlSj^JI ^Ic ^j^jaj ^^jujLujI ja ^ill t^j^LJI 11a ^Sj 'ck>^ 

. t^A Ajli £aj tjjitx JJC. dJJj jJjj . jjij Jx-aaJ Lo^ic lo AiUa 
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ijlflj La£ 44iUaS) Lol .(3^^ J^A 3 (JJ^ ^ j^ioS iAjjl^ 

C5^'jA' fJfr** l^j ^jJW J- 4 *^ tdja-a 

AiLuwJ Jj£ ^aaj ^1 JtifoVl (jlS til .S jSll aiA aJc t 3f^ c?^ 
IjiA ^ii aJU. ^ jjSI ^jjli gjUll J-wJI jli jlid ^oiAik 
\ \\*\ Lot j c-jLS 20 ^jjj (jyjfi* cij^ - * 3 '-^J '^j -^'j ^UuJ 

S^jjjjj {ji&jla oI^jLj IgjuijiAi ^^iJI S jSlI (jli <ILaJI 5 1a ^ . (jjj3-<J 

^ jVt ^jUj ^jVt ji&it sjsu pys 

AjjiLaJI ^jLuaj AjjjjJax AlbSJ Jjt*-«Jlj 4L. u£ll ^j^l-tfa ^^Ic- 
jA JjjU A^ij JjVu^ll ^jl j^lolt JaxJ! ,( 2 1j X 10X fl j6 jl£ 20) 

jjwj U^jft J**J! ^LiS S^j J_»aJl .J ja. 400 = 2X 10 X 20 I i) 
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4^ j»1uia]I liA ^fl u3^° jI-^AaI jVirtll J-^t LiT^x Liiti t rjj jax ^lijjl 
J LiA JIL -o^jS/I (jj^-JI Jjj] Sic) Ajii Jlau jii 

^JSS J^9 -Ukj .IgJUk Jj*j ^ ^ jla> J*i £-tiau l^iSf 

<.i Jail) 1 ^JtjJa ja ^gic dj^VI o^Aj ASUa a i j 

j £jx (jc IfcJ xj till A-bouIb) 

iflUa l$ic Jjijj ^AjS ja> AilL ^ <energie effective AJatA 
j jJp^Lo 3 Ajjjc. A-iaS jaJI ^^ixj AjS ja.) energie cinetique 

t^C- Aa.ja.Jlftll djbjSJI S^cLuiAJ AjjUj JJld ^jaj LcJuc 
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.(1.5 ^ed) jJjUlt (jJJjpJuwJI 




1.5 J*_*i 



oUjI ^ Jj^ ^clSlt AlLkit J AiL . JUL 

^A 4JLj*1\ AlVhl\j t J*c. JJ j ^1 aSLUI ^a <lalSll 

^> Jj^j Vliil i^t tJaiau ASLk!) 1*1* ^1 jA 
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f | i^lyiUj .ljjIj = <1qI£ + AjSj^ AiLL :l_jj& J lij 
Aillafl J Jjjj 4^jLoull ijp jjjjj jyll villiSj <AiL-j JSj tJ^JI 

£jL-ufiHj £tijjVU 4*J>»* AJaH ^jLmu ilalill AiUaSI J jjA 

.Ua AJjojLoiI CbujJ dll jLucVl a^A (jU jaI ^j-c jfLj La$x 

p * t 

jib V \u* Lq j$1q cIlouI aSLLII j) jA to jSi jA Lq JjIIoILj 

AjI aU { JL^a 4i& jjoxull CjjjI Lq liA j ) jAiU j^LuJ q\ qSu^ Lq 

CijlS j£ ^ 4JJJ-Q JS UaLjJJ OjSJI LJul£ t^^lfi- <JJ2kJ 

jjjjluirt.il jjj tL-ijj^jJI jj^jujj djjt£ Ajl^-ill clcLfljjl Jit 3w > 

jUcVU i^VI c> * j-Vl ^ R>ltll oiA Ju& « LSa . jjJjUI 

if 

Jjjuiaj UjJ Lq lili .CjI£1£jaVI cJjjjj ASUaJI I* ja> J £fl1j 

JSl <1qI£JI I^jSLL Jj^j cjja U^jjj s jill j Jaa^b J ujou 

.^j^Juj V t(j£uujj lJuj^jJI Aa-Jajj-Q SjS jl jLuC-Ij t jSLoJ Lq 
AlLLlI ^jjSj ^ill ^Jajll jA j&uuJl ^Ja jB J ^J^JI <4» JIL 

^ill ( jjJa jll Lq jJ ii.h SioaJ t^lft I^lo I^A .l^J UjjJI ^qjaII A1qI£1I 

jA 11a .(JaxII j-o jS-oj Lq Jil tijjA. cUjj I^jSI 1-n <ji (JjSj 

.frLjjill ^jJaJI (^-aSVl AaUjJI 1j-Lq 
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J-«J1 (jaj a£>Lc. t jxlil 4<1VI J ilAji jj^kH 5JajjjljJ ull 

JJS £jJajJ .Ajjlc Lyjij j 4 kj>>n ilaa^Lu l^ul tASvlaJI ai* ^Igil 

* * * 

(j^LuJt eLJI jLaJ .(JLsojI d jS ^)jjjLq ellaiJI ^gic. ilai <J*jLa 

cUll AjjjjsJI 431LJI .pUll jUJ Ajjjcq aSIL dj^uiskj lit .^Uc lit olj 

dlia. 4j*Jc Jxlill Jjill J] Jsuli .^jtull jajuiftJI t*Ili 5tj 
:JjL bjjla idjaalt ojiA ^fl 'Jo^ C^j^^V'j cs^^' O -0 

ojlA . Aj Laaj ^^11 l-jjILoj 3jl jaJI A^jJ Jc- cJ^jjj jUJ) L*jJa 

jUJ ^aJLj Kir > rill c-J^Ja (J*-^La> 1 g u >i% J ^ill d ja^juill Ajuj^all 

j ^oJI jlS US . PV= NRT* .3 J jaJI a^jj V] vja^u v 

. jlj^Jl Uflb ^ jlS i jlill Jailb UK j &1 ji£ i n\\ jlS 
jSLlj .jUJI Sjtj2k A^jJ ^Uujl jA lit cUajJI Cjl£j2k c_n^ 

lit 4 L^aUL .ojt 6 jt Let jtfl 4< 

Ijic Ul JjL .pUI jUj aIl^Ijj iUc Cj^Ij ^t ^ SJjaJI 
L^I j yH\ Jl LoA^l J_p^j J cjIcj Ja*JI j ojl jaJI J Jxilb ASLLlt 
.(Ijjli Jiuj J^xllj Aijj^JI SjljaJI" Jx^U) tASlill 
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<jx .djl jLoiik tilljA tJjVl 5JL*JI (^fl US j -t>Jj>.j lUc- 

aOA j .AjJikJ ^ill *l j$J| jjflll (J-iXA (jj^ > >nl ^VluU Sjl^pJI 

J^U J jA tgj^.n jA Uft ^lalUj *Lj AiUall uJLju CjI jLaaJI 

.Ja jflv < jA "ujljLttk + ^jlj^" 

^1 JaC-1 Jail jA J«JI j S jl jaJ Jjj oj«J 4j> jll 4&I 

Jitj_JI .(2.5 JS-^i jfcil) Ail jkJ ^ Aj\ jkJ 

aSILJI .Lc-L^I uil jau jUJI xlZ 

<xjJ9 j-o J jxjju) ^ill iaC.1 >>ill 
U«JI ^jktnn ^ XoLflj . JjVl 

liA .li] Ajfua - JatLlaJI wiLjalj 

2.5 <Ji«i 
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& Jji JjV lWJI - ijl jaj : Jjaull li*] > jl Jlloll ULj idLjall JIaj 
^a! ^5-iaJ idjlcljj^all j (j^iill 4jj£j-all Ajujj^aII < * Ua J 

1 ^-pUa jl j 4 j «j£ iaC-l Jail CQxjcl ^^All <joi,V^ II ^jjjjI^o 

X CjUiij]) SjAjuxaII 5uujjAa1I c-j^Ua ls -ajooj LoElc tic. I jjJall jjAJuU ^l^all 

.(ICjV^I ^ Jj^Jl > j) 

* 

ASUall CjV jau j 4<J*C - Djl^p. J jauil IaA <ji*U ^ j LjjA ja> 

fjL Aj] :*Ijc.| J&Vl fjUl <> l^aJ j 4<^> jj^j t<^la AjjLjJI 
Jj-al ^IVnuib ^mu j$i d^a. <xUJI AJaojouIl ^jLiaII (J^axJ 

Jaj t^jiiitSl I^jI ^jiulj ^jLJl jaJ ja-Loill <jx Jsoju djijaJI (Jafiau Ailiall 
.AjIaa jjc- I jj Aj^jS/I A£jaJl j — CjI jLkiaj jjil j£j Jjau 

Jjjaa jjjjL-ojSVI L >axj jljl tclic j ,3iUall <jc Jlxi ^Ifr j^-*' 

...43U3] JJSjj dl^aj fjlWi <jc L pa ^jL-ajSI 



^ JLij ^ujU^iaVI [5^1 t> i jM ^ 

.jUuaVI ^ 
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jU^ai iAiLL Jjj <C + O2 ► CO2 (Jc-Ulll £ t> ^pLu^' 

^] jj dj^Lclilill (jiaxj ijj aj! tdljjj ^ <Calorimetres 

Jli JjVl 4cjjUJI Ail J a ^uj UA^Ji j^) yiiJI 
<JIa. Lo£ l ^(j^ai ud!ll] 1 $ a ^wn'ij exothermiques Sjl^aJU o^^U 
endothermiques - % jl j^JJ <^^^_ijlill <a*L>^ i3' J^' 

4 < ^oV LL 4Jj ciLjaLjyK^^l]! LjIj i^ioic ^jjjtJI ^jjill 

i^liil l^flr ^L-a jlp^J (jjLujjLo 4<c jiLJI j c-jjUjiII 
JpUj fUj) I^JjLuj j) 0I4J ^ 4iUalt 1$j|2 ^ AoJU^ i >J 

^ i^Iilli Ljjli 12) <^L^u£ c>Li2 di^j j £1^ ^ .^V^ 



. l^joiflj La 1 ajl > ^jJi jl jaII djl ja. Aa-J^ ojUj ^_>jjUaj ^t-<uujj 
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Jc) JjjJI (ilHj .JSUI ^jLuuJI i^j ^1 Sj^ll JiUo 

dlfc Ijia&lj 4<lAjjjaJlj Sjill 4jJ<la3 1 j j-o (JjoSLxJI 

-Ljj jj CJjilli .jjSjiKj^ iLj^o I jj^sj SjUU AjjaLUI CjI jaU^I 

JtjlLj -Lj] jjll aifc ^jlnQ" L_l2kJ 4Uj|ji]l jJjaJj]j .5iUa <Jj£«J tljJjl 
n.r>j 4<J j£j dj| jill JJJ*J j ^uoat (Jj tdlil j .ASIL JjI jj 

jjSj CjI JJjaVI jli L_ilS JLib SjjjS aSLLJI dia ilulS lilj i^ljill 

.Cj Jill JJ^J ^Uaj£ll Jjll JjJZU 

Jul jj *Lij]j 45iUJI jj2kJ Jul jjB ^JaSj 44SLLU 
ij^i jll Cj^Uill tilbA .(±) CjljLiL 31. J jC jj*j Sjx 
Jalil^l k» >>i'i 4SJLJL <j»iaj j^j .IfrJjauujJ Cjaj 



L-fijJOl 

. jU^L. l^lj jjxi^ ^aS ^jjjill A5UJI tujljill uJS ^ t «j,^Vl 
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t* u^l i> ^ u! tpljoj^B j t*L«li)J>o Jill K^nKjnll 

6* Ja*]| ^tAuiJ La l^lo Ujfi. till .l^-uij AiaijJl ^ l$io UJjV 

c5 Jt t^jlaa^J LaS j c^ju .L-LjLjuILj ^LqjaVI ^^i^. ij Inj > uj C-^^ 
^V\h»n ASUall JaJ JaS l&b j .Cjj^ ^Uil! j jli 

CjS jl! t^l jc. jLSILj a£&]| t jLoJU Jl jiaVl <_>*L?5 C5 lc ^> jSj A.JUJ1 

.(ajjIj tjuiVm,) CGS djjl£a AajjuII aL^J LI t(MKS) j&i 

:Aj*j^a j Axjb flL^ tgJ Cal jlxJI jV ^ jiJ ^>u^ull j UK 11 j^JL-a-o li* 

- jKiVl Ai^Jt ^> ^ J jjj dlj JS .CGS U^JI J^-mn 

AtS] JjSU Jl&l ^> >jj (djjxJI AiUall) J^l 
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tUtj j&Sn *Atjj <-iU!^vi >iU o>m 

'UJi-W J J >>] Jli USj .jiifr ^jJjII ^jjall Ljai ^l«a'! jjS^Ij 

JLu&IU (jjyl *CNRS ^iJajll ^jiS jaall fJJiil (JauJI 

(jS-oj iki]! J^j tAmbre j^JI L-uJai ciljaj <jI la 

Lq dii j <jl ^gja. tLjajt jUc- CjI jj L-jisk f-i^^ia ^jJa j (jn sift 

a^jIj 4<JLjJIj AjjUj^SJI ^j^i-o Jjjl jSs ^ujjl^ju CiL uSUuaII 

i-jajli Lot jjSj Ajj^aliu j jjJI JjUI jx £ ^ *Ljj$£JI S jSa 
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U^jl u' U*J^ ^ .A^Ljj^II AjjLLJI til j3 jjJjU ^Uaj^l 
(jjU/Vuj iAjjJauaaJI t tjt i h JjU 4> i L-JjAa (Jj^ali LogJUJ AjJsillj <iljjll 

t^Sljftj (jLolaJju ^jijj^JI <j| Jaa^/Lj . Vk\\ i (jijSl* o (JjjjSj (Jj^LJI JjuoS 
QijjSlI (jji Ajuuftj AjjLLJI £^)iuaJ UL-aj lij JjILoIL .©^illa 

^Lj^SJI Jxaj S jiS jjiiL £uu^ ^1 SbVl ^1 ielectrometre 

.(1.6 J^i j3a3l) UjKr^ J J^ 1 MjJ U- 1 ^ ^ J^ajll 




1.6 Jii 

J**$I Ixuj is jokuu jUliiUU oUh^JU* uUjS J^jj ^ .^Wjf^ o-LfLi ^ 
•ljW^ jl U^iti ^jUaJ Oswtt- j! C#*J* 
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Sjfi dJ.iaJ CjJ c> CAJ jJ jli <illj ^> 1 jLu&l .jjSI 

JjJaL JjSI L^jj JLacJ ci^J .^LoVi 1^. A-oU 

Jj^J JjjI%^ jlS t^ic ^jojUJI jjfili gala ^ 

eLjaill Jj^^ll c-jUII ^jJI jA Ail jkil jjjU <c j j J&^l j 
.a^ jl you Sj^B Jl dliSj pUj^B IWi Jj j Al^JI 
^jlSloj SjLo ^jl j> «Vic .Liii. eLj$£]l 

CjI W uill o^A (jj^J 1 ajuuaa (LjUkjj jl Utiljoj J Lot AjjLjj$£ CjI la uj 

I^jlataljjj jl jjUjL^jj Lo^il -Laa ^jjj jLi*-a]1 I^a ,a uiSUILq jl a£IaLq 

A W mi ^^ixx Lo .Jail JjJ Aijj-e A-La^. jA A j > ^il ^ II d^A jA ja* 

ljAj J ^bljla g-LkU tl^jjUy Luj A^Uj^l! cj1w.AH JjUlJI J*ill 
jli -UjUjI j - LuL. l*1L. Uj jaui lit) AjjLjj$£11 Ulla JSli 

J&JJ V fL-aJ jl 4AJiU 1^ Ui.il ^1 J jSuij (JA nlj L-fl^kll 

^Jaajujj Lo bSlc . ^jojLojI jjiLoj jA jjj <o"i)l liA . aJ jlx- I^jauuj 
A^j f hVuJ ^jLoJ jSlj A^Uj (il^L-l A^Lj^ll Jjlloil A£i*i 
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. ^jSj jl ^Ljj^£]| 
(jjjaaiuua jjj 4ja> j-g 2 j ■* ^ Sjj.it.uQ Ajj li«jJaj I jj 

Cfl^jui AjjjaJI j]i tuJLuj J^JaJ (J js^)l\j uj^ jx J^**^ 4j jauix LaAla^.1 

tJ JJJauuj 

AT-^jaII <il mall 1 1 h^CV Ajjuiljjx j t jjjjjLj jjjixjuJI i-JjjJa 

t. * 

AilL j^jj Lo£ <4jjLj$£ ASUa jj^j Ijj c-l^jj Lax ^ J 

Jj 110 (> j^) <^Wj$^ ui^ 1 <JJ* ^ J J J J-^J 
idU ^1 j cjljill ^Uj^JI u>£ll jja sj* j .(cA > 220 
o jcAj to jA cLlijlt SjaI j J*dl jill" ^iLill ^Vl ( Jac\ 

aO^I j <J 4 ten oil 4 W nill Ajyo£ Lol c Ji j-o UliijC j tA^UaluiVI 

jjll dlbi j L c_j^ .^Ljfill jLull Sj-u. dj&Aj Lo ^ t^jll 



J-> juJI J-**]! IjJ jA ^Uljiili . CjI aa > till (iLjajj L-IojI <JJ^^ IjA ^jc ja f« J^I j^-«J 

.4 W tall j qa 
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.(P =VI) i^h 

(jj^L.) JaljUj-L. J ^Jalj 1000) .LI jLSJLi J Jal jL> Acliu^l <j"& 
.V=RI j;a Jill j^jlill jA j ^-ojIIaII ^^ic Lq jjooLj ^ISljill ^jLwu 

LJS ja. qij Jj-saJ C-J 3fjl ^ ^>j£) <t jjoU dljajj JjLuJli .tiljaaj 

^IUa jjSj Ljuc j ... JJS 4iit>^ '^t i^iilS 

I^LUj JjLJI jJIj** a^j.o.j t(<jj*£]l) ^llljiJi <Llij Ua ^ jWlt 

oJ-luJl AcUalujVI o^A tlul£ lil .* JaLill jULo ^^ic j ^jlil A£» jSjx 
CjI la Mill dAA JJJJJ O-jUj cKSJ*^ *J^' A^Ls^HI Cilia &\ 



t^l«uL Vjjc ^paj^jLiiljj p=vi j V=RI CijlS I j] tillj Ar-U^ jLoj 

.P=VI 2 
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2Uu»ll«y Aic lito3 g^l jLuVI <p£ "Jj^Ji cijj) -W^ 

as 

^jaij ^1 ^Lud^VI .Igjlia mi JISjjVI ^aajuG lj] t^jjll 

.(cjji aJSU I4J& JIL) *Lj«£I] AiSU ^ *jSLjt£ll Cjb^ill JlSttL 

Ijj . ij*axA) \ 3 > hw,; ^^JtLj AjjLujo-o CjIj^i tAjjliLa ^»Lc. <J^*^ UJ^ 
^jjljall 11a l^-jji <lx dIajI ^ ((jjjSSlJ) A-JLuj 4aauoi ilU»jjl 

ijfiAj i(<u£il\ jixJjx 1 Acajou Jiil dajj ^ju tdli (jl Ljjj^iJ) 
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^j^ji jAj tCiUai Mill 5a. jaI ^LsujVI I^A A^^p. jA c jLj$£]i jLul! 

<*j\iA .^UjS jUB Sii c^l£ <J&£ ^UjjSl] ^IUa jlS U1S .b* 

J t*Kia^l Jk tASLLU SjLoi^ <LaaMolLj ^A 4*51^1 dJiA fcL-UaJ 

if. 

^Lot jJix-o ^Iojj L^jlfl (<j*^S 0 L?' tjt j» fnm —273) 

JUcVl ^ Cjjlil oSj .(oils j ^J^J 130+ J) (3lkaJl 

1^ £JjLi Ljajl clilla AjjjjjJall ajljaJI CiL^jJ t4^>h VLol 

Ul> j^J ^Uhj LjaUa) 1^ AJlij 
ei* jj-iSj U& jSlj 4AjjUja£]l <jj_pj] SijU. aLuij dLaiw Ujla 
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jjiiijH it 

e j-_A iahl ^jSu (jla 4AjjLj$£j1 ASLLII aJUa. ljxL U^xfl 4t*Uj £-0 j 

■ 4 jMijltl iiLaII tillij ^gjci ipLj^lt jja ilia. jiSl 4ojAlla (jA jaJI 

* 

t(>aju II (j jj US tl^-Lo (jlii ^1 : j±£3l u^J^' j^' 'Magnesie 

jj u£ jl j a jla tdlj j-a 1 1 mQj Ajl cjjjj*-^ .Magnetisme Akjixll 

5 — Ajiill jjjill ^ j>^11 IjA L ^ a jL^aa. CbujjJ .Fe 3 0 4 CujluuJI 4.ipaJI 
^-J 4(cAjjki]l j uU >Vl J> J <L>^ J J* **JJ*^ ^j) 
^ lc !j > AxJaic (jj > nil q\ jJUj .Qh «nll Ljojlj t jjuxo i^jljjjJI 

. JU*JI Ija <^a LjjjJ 

tlujl jjll Asia!! < . mJa tCjjjla. j jjSjj-a jJ jjjj 4 uJlill 

JA\ ^De Magnete S j^Jdl a^ILc 1600 r lc ^4 j£s ^\ <.J>}i\ 
b j&J .AjuOaJI AjjukJI cbjjill ^a diVliJI J j ujJ^ ^ >4 

J)JxJJ jA (jnjkl M >oll .Ajmjhl i» ^ A Viuiilll ^jLuJI (j^axJ j^Jdj 

(jjiiijlnl'l* «1 (jjjjjjaJI jl j nil n nill (jjjjaiB <Ujj3 lij .^JjJA. ' ■ JaS j ^Lui 
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y ^1 US u^ualj objVl (ji Cj^ik ^Uj 1600 pic .<L-a jJI 
Sjjyi 4^ jJ ^ill ^jouiaLiaLalt life .liDUc 1 \it a U jSj-o ^ 

<jlSj .(iV 1 1050 J\ 850 ^h) cSUi *u V] jU£U 
J J^u US .1190 ^ Ujjjl iL-ajJI JaJ jS **^ISjj j^S\ 

i (jJ,AxnS 1 hi* 1 n > IrA \ ix JaS lit .bajjaj J»i3 U^J 

U tjjj .^jia* C-daS j ^U*i UJiIaS UbJ j^JaJ ^jjlfLulall <jJjaJI <jx 



jijjAj JOa-all i^iljiaJ L_ilaill (jfr Ijla ^LS 1300 ^^juJbUi-Jl L-ilaSli j3L 

^IjxaJl ^» AAuuIalii J ft^V? 6 ^ U^-* ^ Ajjljll .(jiajVl 

L-ilaall jli tcjjUjJ SjLiyi 4illa^ c-il Lfl^l J\ Lu I^ja.! Aiii Jj j«j3 

s s * 

Robert J — i^jl^.til Oj — ajj c-aI^aIJ .1 it inn j^-aJI ulul£ U^ic :c-k3^a 

.1987 jjj A*xk« K.G.Temple 
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(J^- ^llij Ajuij ^.^^juJI (Jjk^aak^uifl (jjl J>^ c- J>^ <J£ ■^•^ cl>° 

4 unjlnl a\\ c-jUaiVl (jc (jjjjbjjill (j2u3 . J±^\ (jjJLs ^ <jl 1 aA V^V 
JjUJ j <JJ^ (jSij ...^n^Jl CjIIo J^Ia. AjJI^SM 

Aaj^lik clllli]! (jjill ^ SjAUall a^A ^Jaj A3 jjSjj* 

(jV .Curie 0 ^ <j, * > ^ .Ig^junlntia,* 

Ajl^-j ^ Jj > ^filL IaLujj^ j Ulijc iUI Ua ^ jjS dU. j jjjj 

iia SjAlLill I jJ^V J I jte Qjjn.nll J ^Sl jJl .^k, ^Ul Jjill 
cliHill (Jjill ^ JJ^J£* -J^T L>°J 

tAlj^ll ^> jj^l V ^ 3iUL ojjj UxJa j U I jj .(2.6 

.JiaJI (jc j^ixj ^Iill j 4 null ^joiSH <• ■ b J 
jjo c (jjl^JI jA j-all Jji lIij^J Jfl Ajja^ll o^A 

UjjS j ^^>LiaJI tlillull Jj^' cff^ JJ^JJ^ JJJJ t-i JJ^aJI 

^.^^jui (J£ (Jj| l^jSJj toJALi AjJ^kJ 4 ^JOlC ^jl^Jlj ^juUI <jjall 

^jill 4d jill Jia. fJ$A4 Jj^jll ujLJI Cia^a ^1 ^ I^jV 
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2.6 J^i 

»jft A^i tijJaJI SjIjj (jijj iijjj (^it J a t ij.rtiH Ji«i <1 QiijWwt ^ 

.lift JImS JUS <w- > » joi^l 

^ L^ilt » jft .u-jtUiJl 1+ku.j jjj»JI iijj l^-ji Ljhiil Jl£ (b 

.^..M'i.W JiaJ] Sjftlt J»jfai 
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Jjjj fj t^JAaJI d^ljJ Qij^*. JLui (j^aL-aj ^JL fjuijll '^t^t U^J^I 

<jl 4<laaJ t^jWiMM cAjLaa. clbua] ^j^lj cAj^Lq jJC. ojj^Ia. 

I^jU t^^oiij jl£-all (jnjlnl i» oil l^l^J ^ ^1 cASjjH ^C- UUxjJajj 
tSjj^jx 3 J Iai^ t*U3 tluL .^^joi^aII JaoJO liiia A^.jaj ei^wi 

.(Ail iti^Il <. l_i j]Lo l-ljou aJL^JI ^j.mLI \; ^ 

oiA JiaJI ftj£s ^Aaj V I^UI J^J : J^%* 

. JitoJI li* ^ Ac jjJa cAjjLj^£ Ajaui JS ^^it jjjhll ^ j^l % jS 

AJajij ^ ^ i iaj Lclic jaUoju ^ jill o^A <_£jiuJ .^AiLiixJi £JJ-g L-l^lLo 

5JLuj djLij (j-a lil Lol t^B^ Jj^^k ^jLai tl^juofij Ajj^JaII 4 W > oil 

JiaJI AJc JjSojya Lo c^lijU J^^-a JJJ^J tiilli ^ l£Hajl 

jjl (^jluj .^3.6 lS^^ J^') dJj^A AiLuiAJ Qpljink* ui (Jjitlj 
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3.6 JiA 



ik*jjt jj SoljxB ^nijKlH rtlt JflaJI -L^lxa> 4jLmJ SjflU Jajl^ 

4^juB ^SLfi -kjjooj ASjjB AAjL^al Uiijj j tdlj J| Uoju V 
i>5 Jc j ^^uLUaLall (^Ujti AiLla ^ill tljA JSaJl ^ jfl^ 

^^Ic SjjJajVl AjjjUJI <UujUj ^ill <.)V>11 ^ AjJI jLla t-liam c-L^2 
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.^j^Sll ^ JSjIj j - AiLUI Sjial *lcJiuAj itjjsJi aL^j 

CjUs^ ^ ^pioll 4jjli4ll) ibli SjS jj£ ^ SjiS ^ 

LbjaJj Jlod ^-jJajuJI d^A .(^Jajuj ^^ic *La]l (jX^A ^UjjVI L^jhij 
<j| ij i^^jJal Jial A^a. tjA jA ^ill J**^ jA L-JJjC. jA La 

J-uijj tJi jal* — ^Li* jA Ajaiij ujS jll t^^j^U ^LjjUJI J^j 

j^l ^aJl jA I^A .<JU <> J^lj jAUiill Jl V] jrl^ Vj 
4-U-ojftll l$J iliaajjj lit S^^xIq Jj*^ ^ c>= IjA . ^^Jc, ^jill 

l^aiij A*jJa3l ^ JjAaJl JS 1<A$1\ Aun\<\\ o'^l \ nlr- Ji£ 

JSaJI .Lja*j IfrjJaaJ ^Jl ^jliL-bij (<JJ^) J ^J^l (j' L?l *3 w u>j 

V UA <jaJ 4 < ^ULj . J jLJ J£3 *^l*JJI £-*aJI J^U jA ^J£JI 

- 1777) ijl-jj jjl* -u-l (^M-> ^jjs t3*^ 1820 ^ 

d <d ^ tg JjiLi dL. Lubj^ IjLu J>0 i] .U jU laLiuSI (1851 

jLldll jjjj .(4.6 (J^ 1 4i« SJjill-? USil Ax. jjJa j^o Sii^a jj <— ija-J 

146 




4.6 JU 

.(b) dui </& Lpj-ft ijn.jwa.tt »j#t 4*jssj 



0 

0 

S jill A+y ^ r <-~ AijL j&l jS IjI Sl* .jSilj <4LJI jli ^Lj*£ 

.iLUu cJ jit lil 

S^u- jjS^ iskJi .j]>u- ^,„jUii»J lM .(sjb) Ask jLi 

jl .(5.6 Jli jtil) ^Jji* j ^JL^i jJiJaS jj U'ljU'M ft^ljJ ^ill tillil 
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5.6 Ji-i 

.LuJaUau iljj ^SbjfS jU AaK (a 
. JjbU \icL±A LuiaULA ^il jj jUik (b 

.o^lj AiK ^> jjiSj SiJi j5s! jjU iljS jjjfcU ^. njHwa 
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.^ILU jjSI JLJ ^ itf^JI ^ cAiill ^ bjj UK 

Ajaa. Ljajl AjowiLk AiLja] <-_i=kJ ujjLaalt a^A 

t> AjjIj <J ^^iSj . jLj ^1 <U2 V c^Wjf^ *^ Ljj^ <jSj1 jUj 

* * t t 

.{j^ajj^iSI SjaLL A^xumI La i^Aj . J^Lu-a (JSjou LafrjJaxJ ^^Jc cj'j^J^ 

jjj ^bljli J j' K j «j a^ (> ^(1836 - 1775) jjJ 

^L;j4£]l .QjltaJI J IVni.nl .tfjil j> *(1840 - 1820) 

latua j j£l j tjiVI J^jlj t _ f IC' LaA-lai JJ^J » nj V-il j» n\\ j 

t jjU-al JLacJ jj 4^ jV ^A ujjUkjll o^A JH u^ll 

^^>la i J jSH JiLuujj) ejjL^J 2la .Jjxi-a cduL^a i^ijlajl tdlLiSjl! 
^jaj^jll SjAUa jjl jja. ^3 tjLiij alj^ail jSaJl t. i\ JjjSl tjjUA^ cUlli. 
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SjjiijL-a AjIaJj AjjLjj^ till jLj I^jI^j J-o^j ^uujIJI In'iU <jl lij 

aJA . JSI jill <J cIjI^LlJI Lbjl La IjlAj t^jmjVJ 'ixj& V jia. J jj 

(jl »1 mmU A^Ljj^S CjI nil elil jUj £x J-aUSj ttiljj La£ 3JLaJI 

VI ^ V i&jt& CjUa-ill iuj^l J»J ^ AjiUj^l 

. jOiol (jjjIjL L-fl^JiJ La Cjjli d^lj iLLx-a ^3 1i& j£ 

j^L Ajuaij ^ u^t <j£J t4jrtlrv A^jp (jj^J J>J . ^Lu^alj jll ^ >Vi > "J 
Ltjal^ c^ljjjill l^J^Li ^j^a JalaJ AjjjaLoaJI Ajl^jJala^a i^jjjSjLiJI (jjjjjjjll 
4^ix-a <-oKJl oi^J La J£j tAjjJalo djjjoix JjJaL »UJJ 1 >^ 

^1 ^jjjjll j ^ILjlII lOA <jl j <j!aA.la jA La .3junVJ i» J Jfl^ll (JjjLJ 

.U1LL V J LakLa <jSj 

^3 jlauil t^jujjSjj tJjjxuSLa (J"*J> 

i4-nj ^^jJaljj . j^Laic tilliSj cALa^ AjS>L>.I 4iU JfL JjjjuiSLa ^LcJJ 

JiSVI a^uM VI 

4 

.AjuI jj ALaJ cA-auJal j . Jj^jSLa Cl)lAxja l^-LAxrtj d^Asuo 

JjlaJlj J jlaJI (j^ajl >n% SJL^. ^^Ic Lo^-La JS J * a > aJ /jluljlx-o 

Jilj&B JiSVI <^>JI LoAj) jlL-aJ jLjjil jtliil .jjmjVilw J 
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-<a^>Jl jAj 

fct jl «tl 

3lia. jli Alii ULtA jl) IjLu AijL^o liilj Utic 

tea * 

("Ljjlj" LjLij^S iUa. ajj^J -il JJ ^unl-iltf-ail JiaJI I^A jl . 1'\imi9 

Mia. Jjj djj^J liAj JjnnKUi* 5Uk 4uu*4i jA J jJ liSA 

ft? t 
cliUk. Igjj ,4_2kj-a J ^_ fljjuj Lu*3oa Ujjuj j LiajjJj .£cl] ...UjLjj^S 

.ha. AjAw jLu) CLiljj _j* iJjjjaII .bjj*a.l UiaSilj ^1 ^Ljiall 

A*jd L ^SP Jj>y£U jaII d^A j>7ui A&j^jj AjL J<Jj 

AjjLc j^Ll LiA .f>jJal\ A£> jut J^l (j4 JJJS lj*uul2 ^jll i^lJj (jA 4jJjS 

Jj <3ii-ua* 13* ^yulfl 4f j^all A* j^y jjfijj ljUj^I OjU til" :MjUL* 
AjujJail jjmfill jA I^A "3 UiuhlH nl f ^Jbfl jl ^^JJU 

uoju Ajjauial '»» all j 4jjLj^^SJ! JjAaJl (jV ^uUJj JjgAl 

dilajJI siA J Jij jilVl lilji fJ '0*JJ* »j^>- S J^ ""'jj ^ J 

.^1 jail jli* JS ^ 
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<> cJj^ ^ ±u J\ <1886 jJi&J J fcillij <(1894 - 1857) 

jllol 3 ^xj Jc AC JJubj^O djl^ J jLj$£ jLjj aJjj] dljl^ji 

jl! jLull j J\J :lluia ti^ JLSlattl 3jb ^ .(Jjfr ,..,*) 

CjIa^j -lJ j3 (jS-oJ <jl Jc (jAjJ S$ JJjA (jl^j «JJ^li JJ^I t fiwi^ij 

* 

^ djiA .Jj^j <Jjj*j£Lo t^bljli t^^^joiLJ AjSJj jjIc) Aiiwijji 
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j3j <1±& iM LjJ Cj^kj t*UiS j^Vl UJ^ J ^c-l 

difc <j^ S.'U'iui* l$jl jl La£ l^2k <auJa! jj tAAjtoJI <jC 4jjl^-o 

(jx (jjaJsI t^jLa-o J4C <illi jlS lij . jSal (jl ^ jlnTuwli wCjU1a*JI 

t^jjJal jaII ^Jc ^jjLaau (jjill t JJJ > ^Lj^)ll UI ^JlL ^jl >i%"iui^itt 
J^JJI AiLjal 4^ j*a*H 4 Km lift j SJdLo 



jj^juuJI -LjIjjII t Jjjjua£Lo diV^U-* SjicLuixj tLjaJ UI (j£*j 

liA jLaJ^li .(jlj3^o I ^xjojlja (jVI oLgjouJI Louja 4 jGS ^ ^Lb ^jc S jj» - all 
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lAl ^jLa*x ^jAj^ad] AjLI ulq <jt jlcl i^bl <iJUk dj&jl ^ilt £jjjidl 

a\\ ^jjj^a J jIlo 1 ^uul j3 jla^l t^LLoilftH ^iUal] Sjl jj Jxjj 

AjujI ^jjji-JI liA (JaAj .Perault jjjj tikj^ajj ^jLojl^ll ^ jl ah^II 
I jjiS ^laaJ t <uL jll Ai&J jjXo <E.Le Roy Ladddurie ^ jj^V 

^ul AjA.UkJ <jl jAa. <*_klik c_uSJl (Jj^aj <jl laa^/Lj CjS^SI 
t-ijjgj J J < jUjC-VI (JJ*J udlj Ajl ^jLftXxll (JX Vig oil L-jL^i .Aj 

jLj tudlii (^Luj V j*Sfl uL 4J £ >ill ujAO^ 1 ^> UJ^ 
^P^. u-L&ll J^uijui ^lllUj tSj^Lba ^UJj^Lj AiUaJI JaL l_a jjuj ^^jJall 

Lul ^jJI UJJ^ ^ ^ > jmlli iCjj^iu Junrh Lai yUa^l 

(j^LiVl ^L>_>H i flU 4^ j^l ALU j-I ^St ( * J Ja jl Ujjkjbl 

^JjSliaj Igiji SjljaJl Jaj til .IgijjJ ^1 A-ilLaaJI Ay mlbj 

djliL^I SJ^U U n :Gladstone uS^- gr^J^ ^'jJJ 11 O^J 

I J&fc C-^ 3 L$^^ L>°J 'UJ^"^ (jjjtuljniti U^Ijjjuox 6jSuJ V JIJh) 

l1lu2 ^joJI ^jl (Jli "?^Uj4£Jlj ujjj9jjoJI Ajc jjLullI" ^jjuul (jC- jj^ uUll 
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^ic. AjjL^jT^I Sjlnjuillj Cia^Qjujj c jjjjixll jjill ^ ^^cLk^all Jjiadll 
L-klj LoOjc <jl tjjUJt j£lj .LuuJabaua JjUj "dbl^jui L&ij 

jjjLo) lflu>> <^Lja3 bjjl tij .AJaixx ^tilbj 

iiA ^ .(6.6 jlajl) c^J 1 ^' > jr»^'j ^UJJI e-lLa3l <jJJ (jLUaJ 

illo laJjOC (JjlaJ 4 - 1 liluil jjSLaJ tjjlwi ^ 1 inhl W 0 JSa J^uli Jj-alill 
<jji cAjjs^I »OA <> ICUcul .(jLiill ^JaL Jilj) J12&1 jl 

at 

Jila. j* <ill£l*.l 6 l_u1Ij^1I (ja jj| ^ Lua jti\ tj^i ^ 

^J* JwW L^A 5 U^J ^aJ fljJLoLttll ^Uj^Sl! .AJaill 

cA-J^lo S^j 1000 J 300 SjL cjbjLkj ^LssW Jj*Vl ^jajj 
(cjjiaJI ^ A^ja Ajj^x) UL^jx i> <Jhj£ j^j J^-J 
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6.6 

QjSifl ^ Lokjlo ^ »gUl ^ JUS Jj-I .ifc .1^ o^S 

Jj* iL£ ULpj Jiijij ^ (b 
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I^a .(7.6 J^> j^') Ij^H j^V' ^ ^J** *U"jkl'i* ^jfr&M 0^ 

JjtoJI tojjj L-L-aj J£ ^ t.iKyim cjljj^ll JW^ JjUI jLnll 

USUj#S I jLh ^ ^ 1^4 ^ j^Ji S jUl f J^V 1 t> V j^Jt ^-V 1 

dJA L jx I^JLJ 

y ^jjj .(1931 - 1847) ja /ifcLJl 

.(I^JbjUcI AjI^a. ilo cdli ^^ic* fQjLzJ^i V o^l j i jjiijuijjall 

Laic 

^Uj^£ jU /**2bL^I ^j^ll W^jll 1880 
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7.6 Jii 
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to >n 

lifcj .(JjS ^Jua ^gic Cj^cojJ AjUaJI A^aaXa . A£.^)Ls <jLl^ 

Ajj^Jo Caljlj*! dii^L jaJ ^ib ^ji^A jlS 1811 flft 

£-0 t^AJUJj jjSA jtj AiJjJ ^UjJ jA t(J«lljj]| J^ja) J^J* UJ^ JJ^ 1 
.(J-ALOjll jl^OOjJ £A i (JxJjoU ^ill ^J^JjSlI (JIJJOjujIj tjjIj^VI 

AxjUaj Jaxj t^^jJaj ^jt (J^l tCuli 4jUa. ^IjaaJ 
AJb US JLaJt ^ 6 JlA .6 joiaa. lij CajIS j tAjjfl oA^J tAiucJa 

.1880 r le. ^ 

.oJjolj 1 uifllibftj I^j^a opLjal <LjuijS ^Ljj^£J1 ^I^JjujI ^Sj i aua I j 

.JU^ai (puSn) 

jAjuu ^Lnj ^lll j t^tA jail Csli SjLiaJI (j^jjjjjj 

£juaj3 <jl (jS-oJ dJJAJ n/iott d^A ^JloJJ .dlljS 110 jSj 

jl c j : ia k ^i) 3^1 j frlikjV ^Aj^oA JS ^aLju 5la tdlil j t*^ J jllU 
.dJja 1 10 CjIjIjj jj! 4jjLj$£ cA£ j^j li^ia 11^ 
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1856) Xui VjS^ ja tLjj^a Ij^l^o LL5 s^U CjLV jB 

jxuxiujl jLull cjJJ o^lajll li^A j .(1945 - 

Aajlill AilkSl Jliil J£ JjiU ^jaii tWesttinghouse j^jl^Juikuj 

jj^ ^ dlj ^ .1 >U dV^Li Jio Sjj£J jl*£u AwnhB dVXill 
t> ylS 3^ dijl£ l^j ^aLu^I ^1 iuSuJI iKUW .1895 

^l* iCdji 1 10 jU Jj.^ll vital jUu* Jail .li$£ Lit ^ I j££ 
di^ jJ j>i gil jB .(! jjj 100000) aJjU cJ.ii .to jxVi 

:J^U Aa jl£ d ij .Ujjb ?Ssu jlS ^jUUI jUll 

AjlmuII .(8.6 cJ^ 1 ^^') l>* a-^j Jjj^j3 
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8.6 

cCJja 110 jUH j^l Jj^o Jj^-ajB .tic. j c("Jj^1I ^flc Li" 

djjpj ^LoiJ jl >nViU L-bji dl^QjuJj ({9.6 (JSui l_j jLuaII jLnl! 

.3 j, hill CjLLx* jjiu <J £iUaJl CjI jjLall jL 

(CjUj*]I) CjIjujjjjI! jjjJuI *L1I u^uuul cLiajl Ajjjill AiLDl ^ Wu.n 
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ASlLUa .AjjIL. CjLUJI oji '^Jl u* >VI cjjiJI ^ 
^jlV Alii J\ Uj *SLk j U ^Uj*^ 1 

-ua jj^Vl JUx V) V J-l*ll ^-su 

.dlj ^jLoi jhrtil .cliljLLSlI ^ 




9.6 JS-^. 

.CjVj^ JfcJJ lift J*t 
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Ja-« ^Lioli ^ .^WilViVl jjc JL^jl jj 1901 f \c ^ <jia>j 

SjjUx Jj^aij (software) JjiaJ (j* to j Sauail 3aL*a]l ^L*a>VI 

V t^A JJC- j unit ^j-o I Jfik ^> jC-Lq (^olc (>ljau (Jj^aL .Vjl (Jj^lJ 

jjo lilfc ^ JcV) V ^ ^ULSSVI J VI 

.CjU^UJI <J ^L«Vi diaalJ JJjj jjJ ^frall liA tiA .djkilalt 

4(J£JI lie 4^A ^LijqIL j\ SjUuj ^^L^j (jjkjxi qjjSjj^VI 

•I u&Lj SjQU-Vl U <4jjbyi t*lUc.1 
. jjjjadlt d^Li^ uj^jj (jja ^uSj ^(jj&ji^j ^ij :^jliLwGSl jLaiLoiL 

S-^j l3>-J J^-^ 4^a5U jJjlaill j 

163 



7 



microscopique Ajjj^j <*-aLk Jjj^j Ul jfLu lJl£ r^ jm^ A Y 

.?macroscopique ^jSLajj£U]l ^LLJt J) 

^j* Jc JJ UUJi ^ cillj J^jJI Jt SjiS uj^ 



Lai t(jjj^jo\l ^LLa j* 6 jjw >4 (^1 jfl > oil ^jpninrt <Uj£jj)jj£Ll* 
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*L:S Jj£ ^4 *(Sjj> J^ill jaJ d)U*£x ^Jc jjaxll 

ljjxII j c^r > n dLi ^jjj I^A j iUJjxll -iJCj t^JI ^ -lixj <j*J ^lo 

CiUu^iil! ^hj^ tijil^ ^1) Mahabhararta jI^jUU 

^A Lc3 4*1 j^ll ^3 Jjiij 4*LS LllsjS 1 jj J j^A j .AajL-aAlLi L_fl jau 
cla^aJI (jl j d Jj3^ 6 ^ — AxiaS ^jj^J VI * 0.5= — J^-Ia 
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U-lic A^jji jll J& Jjy^l J! 4jlLalJ ^ U .JLuA.Vt ^jUjjIo jA 

CjVUJI jj& 4j^t jB ^-a oiilJt CjVUJI jjc Ua fjjill ja J lJjSI 

Jj^I aJjUJI .0.166 - — ^ iJU^VU .cjVU Cix- ^ 

6 

ji^all jailj J^c 13] ^ ^JLoj^Vli .^.1 jll AjjLolo ( Will aLUII 

.(jS>JI jA j) Ja.t jll j ^(jW^Ul jAj) 

^jll jcl jili jj j Ajjjjjj JUjb tJlLojlj <J£ 

4^<&Lo> 4j*jjiJ La jAj) ^jjll&lill jjjS JJC Igja jpjj jojS 
.<joiA4 ^j^a^flj diVl 1 (jjijlji ^1 VVlmlj 4cL*> <Ji^x^su /jC tijSjjjAJ 

t -ui SjSa Cj^Ij kuifl Uji IjSaj I jSl AjIUII CjI jUSju^U :u£U1I 

: jjjIax Aj^lli villi (jjtojlj .oJtex jAl jkl AjuJala> 

•j Jaujijlt ji ^'^l l ^1 :Valeur moyenne Jxw^H 4-4ja1( _ \ 
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Qji jaaJI A+jii ^\ t cr kuj jll <>J>A Jja. : Dispersion jjautil — u 

ja*JU (jjdjaJuJI Ja .ixai jlJI J ^ :Dissymetrie j&Uilt ^ — £ 



histogramme ^1 jc.jr»"oa L j*j J*Li ^ia^ JjIoj ^ vVimj 
jUj^VU ^jj^ iCAj^LjJI .(1.7 JSJ jijl) 




1.7 J" 
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£ jjjlt ^jC i > U la II ^aJJ 40JJ*jL-ca C-fljik^ CjI j CjLcI jC. jUnjA 

j^aJ villi Jaj ^jxj .^LSkjyi Jfjuj ^1 jc jluu^J l lift .Distrubution 
L^Iq oAa.1 j J£ JaJ U -0 J 4 W^W* <J^ JbP^**^ ^ afciLo 

^Ifr (J <aaJ] Ajli tylalL .^Jaboll jfit nil t ^ La > a jll ^Liajtj 

LoAiC <j| Xodsu UjU CsLal Jlmjfl II o^A £3ljl5 JJ^U 

4^1 jJic. — cjAia^ill V fli ja.L AJUa.^1 <cLaJI qa Amc ^jSi 

i^CiS jJ jjj lAjjfLj Ujl jl j ^jiia. t A-LjjLjI Ua 4^1 ^1x11 j) 

AcLuaJl (^ajL-aa. ^jAylikLj (jjjSaU ^1 t Aj-Lcx AilxJI o^A ^jU 

^1 A^ji^JI ixulj^ <> jJ c> .aJWVI 

ia,L ^ill UaaJI (jLaU jj^j (jl t^tjUjll J"*^ 

UDlkjl <Ul i] .pljVI Jfui fjJI ^aUjuaJI ALjiall ^ oJlA 
juaa, Jx^J 4ili dlli j ^Ijll lib ^ CjVU±*.I ^ ^1 CjLuxJI oJ\A 

Jaa silljA tSj^ AjjJI CijI£ U1S < * r iULj .oAic tilt jl a^UJI o^a 
^ >Jl j^lj *(I/N) 4£>UI (j.ni i^jj jShll ^] <5Jijx jV jjSt 

.CjliixJI pLul jUi&VI oik! L-iaj cdli jli L-ili-al 



d Jia^L .%3 - 1/VlOOO jA <auSill ^ ^.Ull (lLaJI) ^Ull ^ 

B (%5l) A j Jjb lj] tA-LMUjfl3l <juiIjj]I Cjljlikil ^ Sjjj J£ ^ 
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CjIjUL Lujj <_iVt iail3 liA (JxlstJJ 

^ LI t^Sjj L^jc Jixj 4->/nTI AjjUJI *UjjaJI ^jLo. JCjIjULJ! 

cj^ojL^aiJI £j>u l$ic< 4 > mil ^jU AjjI tUV^l ^Lsjjfill tliljLuaa. 

.UjLol 11 ^1 i J J <(l JUJ1*J jp^l UJjSjjS CjUL&j 4L_JjjJall i^rt^ll) 

Ajumaj dliSj dajui^iJl liA jjjSu AJ ^jajj ^ill UxaJI AijfcAJ ^jil j 
(jj^J LumA ^(^g^ O^*-} ^"' A J Jawj^ll AjjouIL) ^latiLft jAj .^ujjC £ju>Ij1I 

aIu^U ^iViJ I^J ^-Luu U .(2.7 JSui jtjl) j \ j±£ rn>^l 

(jj-lJ < 1 ^ iSlj a jj;, 1 ^ ^frl LlLujI dilj tAjjl 4 j > jA Aj] 

.Theorieme central limite ^ jS>»JI ^aJI ^H^J^ tj-^ <>^4 ^ 



W^Vj o> j?Jl JSui i^L -uV tLa courbe en cloche ^ ^Wul L * 
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2.7 fri 

i^jlL klo <L JjJa ^ISj Uaic. I^ii* AjSSj jjU lW <uj 

. J*StLA\ AjLoC ^ L-jSjjl ^ill IkiJi JJ^SuJ JLajjiJ 

t^^ji-M ^^Jfc'J <_>J-iJI ^^Jc '(3A^ C^^'j 4 lW-^ U_^^ 

^JaaJl (jjuiaj) SJj^ill CjI j^Jt ^ jjISj J&l 3^JaJ CjI Oa. jJ 
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JjjAojJI <>a JC ^ Ljj^I JjSj ti^A .(3.7 JSui jiJ) jl£ ^ 







n| 

J 







3.7 JSJ 
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Sjjj^j SjIj-gj cSjd"unrt aSja. ^ jill (j! J&l ^5 Jal jS^ojJ 
CjLcjL-aj Ja.^ UhJ JjL .CjUUjV) ^ A^kilc jjc 

JjilL jjSl j U ^SjjlaJ jil j iialjS J£&\ <3**J 

CJjuj*1\ tljtjULa djl jLiLo ^j-o Ajjio tl jlc (jSalj tSjLJI lLijI£ lit 

(j^ajl ksy^W ^_u-b j-u ^ajolJ AjjiaJ icIjUj jsJl ^uiLoiSfl djLml] ojUill 

^liS tjjill AjI^-j ljIJI ^ja J ^aJIj aJXuj 
c> ^^=JI £ jill I^a ^ ^.rtli^VI tAjjjj jj JUb 
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tlulS lil jSJj .^iajuj Sjj cjj^ad (.IpaJ JtilLj AjjL-smJ ALjlaj 
AjjU-oa^I pUjjfill t jjLlujuj dua. j£c £jJj]| (jjill AjI^j ja. 

CojIS <jjL-^yi ^Ljj^ll J)! tUjSa <-&JI S-uii j a^Ia CjLiUj jj& 

l)>^;j 

^ > >i Vi <ji iLoLoJ ajaa-Q tLoLoj Aauublj I^jjjIjS 

. ^^joaJJS JLoJaJ 4 JjJjJ JjLoj 4AjjauuiJ tlSa>V 

(j^jomjjj Cfl^ui t (j^LaU-o JJC-J (j Jj^ vm > ul tLjail 4 Jla.j Aj^Ij tilLjA 

jjiLLojl jaJ 4^jj^al£ ^juj jLVI <■ ajKllI jjjuJI .^tnjhw Jj^l jUj^I 

djUjJ^k Acjji ^ jjJ < . il i n% j 4^. Jail djLij u_fl^jai 

<■ ibyadXtt ^ Ufl9 LJbuiVI 4^laa.j jj 4JJA* <^aljj • jl*JI 

Ijac JSI 4^jLaiAj ^J J ^ J* -1918 a£j»-J 

4£*V ^jJaLj 4^1jVl ^jLiij] Ajj .Aj < ; lajtJj AlaJ ^ill 4jj_ftx*£Lo ^j-o 
JJjlo 44 j J II Jlc Liajl <j£3 j 4l*x CjLiiSill j JLpJI dlixj 4^ jAa 
1 * ua 4^u]^)J jljjujl Aioiaj 4Ujljx lIl^j ^j^Sjj J^ 9 ) 

^>*jjU-a "(u/'*' i " lD^- cJ^j 4 j-Jj-gLa jojSJI ^LoJVI ^jjUjjill ^>jjjJj 
j^i tilli ^oj .^LVtfl ^lS!)lc. ^ _ (jiwjll JjL laa. I jjjS _ 
<-L£) C5^^ >J J J^?J ^jj^- -^L^>JI ^ ^ 
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AjJj Ljaij iSjxiS ^bJaUj S^ik ^jjajJiL i^A . jl* jj] jj CjVU-o 

.^ill j S^xx 4<flJL& CulS jUjjl jJ djVlio (jS/ S JJxla 

(^ijA-ajJ ^j! > n^j <-iwaj ^JLual J*V' tmjll SjSfl (jc 

.l^jlil jaJlj ^in>>i j AjJ^^" 

JaaJ Jajui jIaII jLouJl jA LaS 4 J-l^o ^>«v dAjj jaJI (jx J^fr LjjaI 

j^au 4^1 4 cr kujjll A^j^ Representation ^jl/uM I jAj Ljajl j 
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l^A jj Jail j 4(!Ijjj£ <>J) V^jaAj n"i (jl ^jjJ (Jfidju CjUjjaJl 

ttliiaJI 1^ ^al aJUJI 

...l^a ejj^JI ^jB CjVUI] ^1 jaxI] <iuiilU 

^1 ^jaUJI oUjI ahi.n AjU 4<illj ^> J&l Jj .SUS (j^J Oaj 
(j) qjJ 4 jj^c. ^jujIjJI (jjall -lie (jjJJ^j^llj (JjjjIj^SII 

AjljLI ^jaUa .DjIjaJI 4DjljaJI 4jaijJall : aIaJoj La LgLgJ 1j3j*J 

I^A ^^Ic LloJfrl j 4£tLuJ S^kl j S jill jA t^l/iKull 

^jU tgrkmrtll c j^Jt ^^Sc AiuiJ < * ua 4Pumaise JJ-otuuJI Jali-Jax ^Ijokl 
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t jUJI jA ^Ull £A2kJ j iojj ^A l_La <j£ AjjjlLall <jjUa3I a^A ^3 .5Jj£juiJ 

dJfr ^ja UjjJ Uil jA (_3jU 

J&*a Jala. cCjLq^Lo tjj^Jj iSL^i t<Jj-aa> I^Aj ?4gji~flt ©jljaJI 

Jfl JjuoC £juAl]| j jJaC. ^aliili ^JjSlt ^3 SjjuSlI (JjLdl iCjLiSLlttll 

Jjju t^i Sjtja. ojtja. (jjj j-j-j^M! ^ij ^1 I jj t jl uaa^lj .CjcAk 

* * t. f 

in 



jjSj f^JI J iLli a^jU jjSj cJjjJI .A^Ujll ^L* ja 

j^jlS <jc jvu c^iJij ^ 1 *g \n Jja.^aH JojIjoIIj tSjI^pJI Aa-J^ tJaijJall 

. Ji <> *Uai^ (PV= n RT) «JajJjUI *ljti]|» 

jx n -l^C (Jaj jx ^jj V 'V fAaJb cP i>k\\ L-JjjJaJI <J*-aU, 

jUJl CuIj -Uc JLL R .T Sj A^jJ VI *U 

jA In » 1 .SAiiLo j Ir. ji£ JaI ^J^J jC Jj*il .JxlSlI 

.(jjjUll j* ^jjxll 

^LaLi ^^Ic (jSl j jA lil tjUjA jL^I AjsjS <^A Sjl^pJI 

U^jc .^jLwjjiLAJI J^adi ^1 ^j£-uj jjLla]) J-aadl Jj^t <JbUu 
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(jjjS j-lu La ^ylc j-oVl ^ti^l . pistil £xj *tLJl t^UxJl £x 

J .djUjabjll ^ jL-aJl ^ j$lc ^'j^t ^tkiJ 

Sjlj^. (JjoISj Lo^jC .ojljaJl tljLa.jJ (JjjLjS-o Ji-Jj i^lfill 

t^jAjJa L_J ^ijl ^ifl A-ilc- j CdjI^aJI £x A -^Jg (J^JI (3^3^ 

.SjljaJ 

jii-saJI -iLoJfrU d^jJlaJ i( JjJjuJ^cjuj ^ A.uuJl^ ^jUJI ^joiULJt 

Fahrenheit CjjI^-j j$i ^L^lo Ij-Ua^ <f*i jjidU^ ^^^u) 
^ij !ia bl lit — CNN <ia^o Jk. Aj^JI CjUSjjII SjaLL* 
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J jVl jA JallS ^JjW jl 4>J^ (3^° AJ^aoI Jjjia CjS j 

jlc. <J*j ^ J ^» » jail j£ LLujjJ lil 

Uajfr sj^l U JljxJI jAa liAj .^..to ^^Ic 

siA -(jj^^) ^Ic- 273 l^j^iftj SjljaJI 

V WjI .AjSj^ Ljj£ cUoU Jj£ ^ (jSf *U UihH jjlj 

SjaLujx l$jljjjj£J] Jafl9) LiJjfiJ J^IIn^ e j^A ^ t$i] gjfl"" 
jA la .ajljaJl A^jO] AJ^J jLoJ jL^sA\ I^A Jx l£Hajt 

I^A (j^lj ^jA j£ -^jlS ^Jlxll Jj^j 3^jL=k ^-La 4jLuu Jj-Q ^jlS Lo 

IaJjSlj ASj^Lj JjiaJJ A-^rKj^H (JasJI 4(JjS ^jx djSi LoS 
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Ullll 4iLkII IjLLo J| jLojal ji Jjjj -Lilc j .Ajuij (i^al liUiS Ja*j 

<-<ua aJ < j^l ^LJc ajla (3*^ u' L>* V^J 

_ 1822) o»jjjj& ^ U3 ^ 1 ^ ^ -^jJ^ 1 

Ji Ljljlill ^ ^UL^ ^ jLufrVI j^u Ujii! i I^IS <(1888 

•"Antinaturel 4»nK1l AiJa" j* ejjjjillj j»Uai]l .Ljic- ^^iJojaS AajiJl 

^jLixuill j^lj tAj^ j^Vt oj^i (J^J^Jt ^jLuiAj 42 j 1 (Mac) 
jli ^lu^) Graz jl jS ^ o jljj tJ^J^^ c^- 1 ^ ^ ^ ^jjl-jl 
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(jdSLo <4jl £x .<jb*J£]jj «^?^ (J^ajLx^o Ljajl jA '(jLoJfiljJ CjLjLuA. 

(j! jJjfiJ <J^J ^ (3^ C5^ c ' U^O^ tjnk ^11 j t^Jja^l liAj 

^nj <— ijxa Ia»1^ j .g-ia > n jAj tbjjawoj bjjAL^. 4 1*>J ^jl I^A 

£x ^aaJI ^ i <aj LcAit IjIaI ^iu bjji . I.JA AjJjj^Vl f (J*^j 

-LI jS j-aJ^ bjjxj liAj . jA jll (JjL Jsul*. t^jjJa j3 jsulk (JjuaauS 

.^yjJa jftll AJIa. jaJ IgliA j ibiJI 

cLsla <jl jjiuij ^yjJa jilt j bjjJI AiLklt bLaJ tAa*_A £jJa j)l t^AJULisJI J 

J jA (j*in> ^JjL Lo .p^juaolftll ^ j^fyl IaAjCj 4 (jLuiSLjuu bbaJj 

(^Jc- ^ t J (J is^J '1906 ^Ic- (jx J jLI 7 ^3 jau n > n I^A 
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t * * # * ^ > 

AjjL^yt ^LjjjaII Sj^UJI Cjlinklll jU t^JJLj 

£ >i cjS^u i-ijS . jiaUilt ^ d^ja^ll (j^JLj q^*a 

S SjUII <jC l^oiftj CjV jLa^olt (JjIIcJIj .^jill jJjjLJL jjaiflJ 

.lLsI jliJIj JjljjjJI ^jhn l-jLjCj t^g,*-^! jail j^l jju ^)IaUlt 

iULpj ^xuSjj l^jji ^jU-aili IjA J^U.j .LbxJ 1^ > >LT , t i i 

183 



J£ ICLLjI j ^U^VI sic] ^Ij^t 4^U^B CjVL^I ^jL^ 
4a*jaj ^ La .Rendement AjJjJjaII :^LlojS13 l ^*AjJ\ J-oU-g jjjsu 

Jill ^fl CtajaJ 

4 jA Lai 4<jjjj£]| jlc- frLLcV 4 jj> t uS jSfl £-a b JJj£ Jclij LUjC 

L. ll > OA J 4gU*aj£l] £T A t nj i a ^ill jA 4^ nil nil JjJjaII ii^ t . llxUA 

^LlojSJI ^jl 4jjtLcJI dOA JxIafiJ ^4* l<±aj*C> jp£l AijutOJ .I^aLjI 

AjII jilt f LjM SjV jj ^Ixll ^aJI £bui) 

(_>A*J 4<jjaJj <K I^A jUjc-L t^jjaJill dOA .elSjj dUo yx^lm 
(jJJ jjfl ull iajlj^ll <jj . (jUoajj-o ejjJall jlAi-ajj Sjl jaJI jJ ^jl ^51 jib 

>U Jil ^illj 4*La^ll ^ill 4*j^llj jUB 

4^1 4<a.j-<JI Jjla ^jL AjjSjj t jjJLj-g ^1 >VimLi ("n II «i*J tUlla* I jj j 

<jl (ji^J Lljli ^oll Jl^alal <j-c Aau^Jj J£ l^JJtij ^^jll AilUl 

t^j^l J| jiatj JaLa^a j 4^jLuJI (jjlll JjSUIIj jA ^^jjaI) (jjlll 

AiLj li^A j j^iall Jj-aS J^') ^J^Af " tejJaSfl 4 jlAi-sa^l ^auiJ V 
aJVoj 44SUall ^ jjj jli 4Sjl JS J^l <> 4j1 JIL 4^Lak jiSl 
Liajl j tAcliujI i * ua c^Ajl loll t^»l jc. jp t ojg II ^jx ^ jj) ^-qJI 

AjajuU La I^A V^_a£ (J^joljj S^>AUall d^A U^ - ^ L-L£ . 4 K >o 

.(!U£ JjL jA iL^at fjUl ^^Jl ^LuSj 4>aj^L c^jjjljjjfill 
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l1u\£ Ijj .^iljlja jl ^jLa Jlo (jLaJI Qjia^ 1$ a - b j ^5 ^jjjl jSj 

jjS ti^Aj .lcjA-2a jJj^sjj J5$J t^dl^ja, J^) ^'j^ UpJ^ dut£ A Vs m^lt 

t4U jl£ ^a^I luAJj ^UlVl ^bj^JI 

9 

t^L* ^Jc ^jU ^jIc t_jLo. dja.Lj j-iLj li£A j .djljoll j AjjL^^I 

.^cjUj UujJ (jSJj clHJ^ fill \\ > 11 

Ijj jJjL . Jj9 UjJJaJ iliauJa jl J§ ^Ij IfJc J> ^v\j jl cjaj jlS 

j^)Ja3l ^l.lkliJ fcL_ft*jjU cAj^La. tilli <JaJ *4jV-^*-a 4aJU a) 

AitUsiW t tnn^j jl cSjajt-o i*ll>^rt l-^J «U^°J^J^ ^JJ^ 3 cs-^ 4 : LJaUjll 

4<juA^o SjSi AjpLa. IjA ?£_LaaJI <jJa3j ill j jLo^il jj jlS Lo ^JL^al 

^djUj^a. jl Ol ji) djj^aII jjusaUaJI jU (Jj3 .AijLi. j^iu L_fl jjo» ^p^lj 

^o->; l^Iaj j tquanta IjjI (*n«u.i Ajj^LL dloa. j ASUall 

(jal jj ^LSj fcAj]jl*x jjuifij <1 4-ijJajflll d^A .tjjl 77... 3 t2 *1 

^ y l^aJiil l L ** )l 1 " I iSI I^g Ajjl_J^j-ifi3l djl ^iuiij]| fc4_)^IajJI LljljLuaaJl ju 



. 1 905 fit (jjljuiil l^au rijui La£ ^^j^>^i a*\*u^ ^filj \ U< jl£ AjLa=k jl jSl jS! * 
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<JJ jS ^jSj ^1 .(^*J <j& SjSU AaxajlLj (jJj^jS 4*^2*11 ^paxj 

SjjijL-a ^iai AuOJuoLili AiUall <j& SjSill a^A ^jl jJfr . <JjS (jx Aj-cJj^a 

^c^>1Ljj h. m.Aj Ljajl (J^j fC-jJL JLj AjLj ^jISU ^LiLjVI 

^jjjajUii ^st jaIi i-^ij cJ*a?j ,h <m 

.jjtUjl Ci jJ jA *pantheen 

<_£J*J .l^jlj Jjxloi Jim Ml iJjSbjL tLjaj) jA (j^lj .^jjlajJ 

jA liA J^^f*^ ^c^ 1 i is^^ f> A-UaauII Jl 4a1£&1I Ajjjxji 

Rondlet Cuta^j £ soufflot Ojiaj*- UlL ^1 ^ bjiuja. ^^511) ^wuS * 
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t . ill m 4 Jjtuijl .4 Lja oil t_4 jjiall jA ^aalaC j JjIa jA La 
^J-flJA.tjjll LJjl£yQ ^5 JaXJ jlS JajuJ J&A L_JUa 4 (ETA La. jl jjSjII ^UJl 

CjiLaMO ^ d££ 1905 f lc ^ j& -ujj ^ (^1 jJ) 

^1) A^jl jJI <utill t 4 Will Ul^aJ .^Lj^l ^ UlJ 

^^Jc Jjaj V jjfrtla ^JU jlt.ru >» oil ^ua»VI jA jjlUljl jl IjiJa (jLdSfl 

V ^ <jj>> dttlloll oiA ^ cjUljiiVI CaJjL *<uJ UuiS 

< ; n^o V j-^J *<J^ b£ 4^jLdfyl ^Ljjftll £-oaa»-dl (J^jl «^JJji J^J 

4<_£iLc ^ ^Ua jl£ .iUi jjtLiui ^^Iftll J :£hll j^ljjl 

* e <* 

. (J^axj La^^laj Vja*a> tljJA.j 

liU .(1922 flc ^ l^^iU) 1921 ^4 Jjjj 3>U JUj ^ill 

AjI^j ^3 AjI duau J£J1j Ajfta. SjaLL jfSjjjiB jfyl ^^ju 

Ajuiil *^lj -ijjM 6 J^' ^^J^' c^^J^' 4 ^«^l UJ* 3 ' 

JiVl V] ^ V ^ AS c^lS ^bj^l JjJ gl JjL jL 
AjI^j !joS?I & ql uSlj Ijja. V ^ill ^bj^jjjall 
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fjk fJ .UUj^jS o^\Ji Sjjjc tAjal^i &J^\ 

loAic Aj| Ja^jl 4 (c5^' J^aiJI l^i^alui ^1) (^-bj^cjl) A Ja^ J 

jf&U AjjIjj^II ajt^l ^fl jLu ^^Jc JjA-aaJI ^jWhtnj <LjIjj$£ (jaajj 

if 

cjjis Aiiyi 4 A3iyi jsjj oji£ cji^^ji 

U til C&A j j6 J£\ CjUjj^u djj^Jal SjaLLU AjL^aJl A_Jj:Jt 
jll (^t L£j^ ^ j i^ja ty-^ <&Jh A^aix-a bUial 

CjilS dijll ^ji^. J) AJj^I ^Ij-Vl <iUa j ^Lja* 
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CjVU ijajjull 3 jfctla 3JUJI ^A ftJlA .AJJJX y^aj AjjIJjAVI 

.S^jLjJI <^A AjJjjaJl jAlj]aII jji t<_£jaJ 

AiLLJI dIa .Ia Jl Ji*! Jjl jol * jj^JI Ob ja aSIL J 

lij .(<il£b LjjIj ^ ujjIj h t JjI jjII jA d ilu* <il£b A&l^ ^a j) 

o jiA Cijl£ lij Lq! . j^hjni IjjLjj^ IjjJ jji c^bJUj jjjjuyi 
j£ ujj^ 1 -W J3 AIL J Lj .^Lj* 5 jil t^ial 4SILII 

( fllj^J ^ jill jSVI L^^>j L>* C5~^ 4_uxl| ^jji iSjLall Aa-ijJa 

(Laic (jjjjaiCr j aIujj ft jac. (jjljj^j! e^j^JI l-jLuII ^1 jjSI JfLui 
jjjjj] lJJJI Ijau L-iic ftj^ill ftifc CjI^j .^Ljjall aIjIa Sj^ll *XL±* 

JaJjuM lJ^aI c-iUuSI .jjj&fyl JaJ <> (j^aU l£A?J tCAljaJI 

* 

d&^j 6 ft jail tilt 

SjjjS UUa.! cj^Jj ^Ujjalt (jC Jju^a. lilljA 

(jt (J^ajAJ .AjjI t^^l eLjj^l OLLuaaJ A_ajdj VJ dbyjJ ftj^Lxxll d^A 
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& ^AjI^JI AjIc. ^ AjSj IjJ] ^5 il J*pL A^U-^yt ^Ljj^lt 

j^ll ^WiKull <jA jal 4 * > gala 11 C-jljjjaJt J^> < o ^Lxli cliLJb 

CjIil^j tAjjjJ^j C>U*»J IjjI j£JI Ajjk> ^1 aJUOaJI 

Lg Ljajl .^cJj . . . Ajj £jtjj^a> * " ^ * cdsljjj ^3 iAjjjjJa AjJO^a 

jjjjlj ^pll ^(jjlSjii jjj ^Iill dlfc j till jjJ ^ojj3 djLpl » a^L t-fiJ*J 

)-I=k aSjSj dhA j .^j.tfir. ^IjJ^ J£J JjLij I^L-aa jVi (j* 

Loiij jsij .^i j^ii 4^1^ ^it ^ jiii ^ ^ 

ilia* AjaJSoJI *bj^JI itju\ jSII ^j'X^H ^^SoJI I^A JS jail 

AjjUi]! dsl jjilill l-jLaa. (JIaaH jjC. ^ !>Ha3 . jaI jkll <>a*J 

jaJl AjL A^ j^lt t^L *U1I Jjsju <(AjjUI ji^-all) 

d^A S jl^pJ! A^jJ i fluiVsl j .AjmjWH all Aj j5 dLx2 jjuaj Ail i Aiuua 
I jikj^a ^^^'i LaAoCj . jjLc £iJj1\ qJsM ^ ^ J JJjiJ 

.A^jJajl djA jl Jl j3j 
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. JtJ 9 ~10 

V&t j < jtJ 8 "10 ^ULo ^ iku, jlall ^L^aaJl uU fJJ AjU 
l> I jjaJj 4 3 "10 4 4 "10 c 5 "10 U3l J^ll Ajuij ^ ...4j1I 

(jjSaj Ac jas^o ^^.a/ill jjg Mill JUaII AjC jjju ^111 4<wiLuaJl (j* 

j^jlS ^j^aull I^-lojujj ^1 J iGroupe de renormalisation A^UajJI 

.aJjU AJUi jj ja ^Lois d'echelles o^^ 1 

ojl (jrfVfluT^ <■ flUfr&l iJa Jxj Ajjj . . .^JajVl Ciljgilj iALjIJI 

.AjJjiujjjSLJl j AjJjSLaijjSjLaB (JJJ tAJajjjjlftll (jnuU<<J o j& 

Aj| i^jjjuJjj tAj^l hill (jjAa^J Ac- jA-y a Aiaj^ia ^jJajl 

^ 1 J^u&l ^k_Jl CjUk ja ^yaLi\ > t_jLao. C-Jau ^ill <jx Aj^IjILj 

J^IjaII JSLj Ijjj-o 4<J^lj-o ^gSc tilllj ^LilU 4*U3I Ajjja. 

t " Loj j5j .o j^UlaII AJjLa^o (iluj /jj^J (j^Qj tdJiLcJI ^LiLo! 4 ILjuj jIaII 
l^-ipl ji Ljajl L^J jjuua^JI ^lUJIj AjjjaJI j iojill <ja JS ^ij AaSI j 
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*La Sjlai JjIjujj c-LS :<j*j$La jjc. JjS jAl jla Jc, (j.ilVn SJj^a. 

<j-ajL-*a^ ^A La ?£ajl-o1I -j ^.M , ^ jj t til] j IS^Llajl 4 

4jx!>Ia SjLo" I^IajoU ^pllj AjjLuj t" wnjlj 4 ll> n Unjl Jill SjLJI 

|j$J tdj^b tlulS ^ill l^lLi <jc SjUII t^la jjjJ jkuij (jlj ^1 

t> VI J^IL? ^UuaVI o*j ^Jj Sj&l! diA (>aja .djljill Sj£i ^jlS 

I4J AajyjLul Ajj^aU> jA ^Loa.VI ui* 't^ 3 ^ t° J .dal jjLII JaJ 

j AJUjjJ 1 <n< ^Lua^l d^A (JjSj LgJjc LujujV j tlAjJjuiSJj I4J jla-o 

ahJ yiis* i^j^j jit ^>Ji (Jais J jlsji 1 oa jib 
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1 js*i 



2 Jli 

3 jLi 

■ "i\j4J t4-ulii 

$ — UAf j— 
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Modte de Rutherford 




Modle de J.J. Thomson 




9 Jixi 
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'Electron ?-'' "V,«ectron 



lumtere 





1 



rtfveau wcltt 



rrtveau ftxcltt 



(a) Absorption 
da lumlire 



(b) Emission 
da lumfere 



\MAJlAAMAAr- 





Loneuaurd'onste (A) 



10 JS-i 

4£*Lj <j£ (jjiV^ * (Jujja £-» jUiljlj o 0^>» Cyfj^a Jiufll (b 

/) jjL-a ^U>Jt Jjfc JiS i jajS AiUafl ^jl*-** ^ ^ US CjLjI*** 

A^>4 JljlsL £4 J^i JJJ (fJjHOft (. tihW 

JjjUla U$Ji £-* tyjJbajS Qi^CjC- (jtf I jLiSl Jji (t*3JJ lJc.LaaJJ < ijM life (c 
.< i ^M^ (/UAH lW*^ !v J* ^ .^jjj^ailj uj^D ruLJlU J>l* 
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MBOSE 



MITOSE 



Homologue 
paternal 




Appariemont 
des chromosomes 
homologues 



Los palres homologues 

de chromosomes 
dupliques s'alfgnent 
sur le fusaau 

Changes 
do fragments 
antra chromosomes 
homologues 



Division cellulalre I 
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ADN 



Replication de ADN 




Transcription en ADN 



Lraelne PMnyklaotne 




Site attll 



:C#&\ AND J* (Joaa .AND —11 jj J**- 

.f ARN J>-J ^yjaJW ANT) JlA ( a 

^ljUjjjj^ ^Laj ijiiji <UU^ ARN J>« >S1 <^ku uL£ (b 

• O^jjJl fUfi ( c 

199 



6 



J_0JU1 ojj^Jl 

abjUJI uj! j^UlaII J&1 iSjjU i^lik 4^iklj <±u UaLi^l jLi j 

.(j^aU. Jl»li SAi*jai a Jja j£j ^la tillj £aj .1930 flfi- 

^6jJj w 1870 s- 1 o* ujj^y j$ 1914 

Lia Lauja olLcL jjOaoju t ^jjill *V j .Positivisme AjjL^I jA 

. Jjjia till jl l$j jL*J e_jjjuj LclmiL^ UaIc 

J» ^IL Cj^tua .1870 <> ^ CajIS ^1 Iji&l LI 

^jall *Lj£ll uj^h 1914 flc .j>^Vull ^UVl ^IjjASI 

ci^l j£*^l j tAiualaJI -p±uiU ^ ^ jj^ ^gk. jSjy ^jill CdjS lLluuc. jl c-jaIo 
c-jiaj t<£jjjalliAl! j cAil^pJ ^jill ^W/JI j ^1 ^kl] 
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A U)^ a\\ lJ jjiall jSl j !S j-oli-JI Cjj^ l^2k Jj jlo ^^l^ <— Ajia 

.Sjill A-iis Ig^jtij 3ijxx L-ia>J 4 L^jJLo^k j^Aj j 



*• jiS ^ A^JlP Si jill djiA ^jau .Si jj jSjJI ❖ 
^nla Cjli ^jill JjSiJ ^jp ^1 ^ jSJI .LjbjjpSJyi j 

.4jumKU» J j$£ l^jli 4AjjLj^£ 

(JjASlj tdjLjjjpSJ^/l Aj3 JSlju ^ill ^L^aiJt ^1 <Sjj jLxjl <jl .Sl^ill 

10- # 00 

10 =jununll JjAq AjLo <jx L?J^ A l) (A) ^ jJloiiiVL? 

Sjill .*s 100000 — 10000 _j >*J ^ Si jill jLuI U .(>o 

.si jsn 

(JJjIaa jl I^Lo UJ^J Sljill ^jl dm 4(JjIa JSoLj Sji LjJj£ li] 

AiLiudl V^U-a (JjSojuj JjJjSJyi <43 JVnjni ^jJl eLiaa]| jJaS L-L^aJ jli 

. jo*>L£ 100 :<jLJ jjj O^Lft 
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^ Cjh jJ&3VI JJxj t Ailkx Axjaj <jul2 j <Aj> ja t>\ jill AjjLj^I 4Ja All 
JSJ <£La!lc ^Ijfill j* jjj£ ^3 CjIjjjjSL]! — Si jj tAAiJI a^A .tgjja. JJ^ 

<jjj&l] l«J j^jja^JI s jj .aLLi« rmnl CjI jill J£ jSlj idjjill 

* 

A^jJij 1 dJjifl L-ita^ .bjjj£]j 92 I4J ^ jail jjJl ajj t^lj 

S ji til IjSa .^bjj&tyl a£ j^j Ij££ j! ^U15 Jji-A* £1 J& M±a*u 

.^.tj ^jjjj£Jlj Jj«Jaa1I tiUi j* jj£I ^ t^jSjij V ^jujui CjISja. 

.SljjJI Jja* JJ-^ 
U3U. SjiSI JjVt Ajjliall a^A cJjVl c_L*aj3t liA ^oad jl 

jxofolj .<j>jx 4jjLj$£ AiaJi J^j dS*JJt^ (J c** 

jli <<JLJ lilt jJI CjI la .nil Jaxj ^ ^1 <S jill AjjLjj^£JI Aj^LpJI 
jjc, U .t$J jj^j ^1 CiU jjjSJVI JJc- JjLu si jilt ^ ^Ujj jjJ jj* 

*SJj>ja diljjjaill .^Ljj^JI (jjljall ^ Jj-i c^l l_ulL jj-ull 
LJajI LoJjj iAxj^*-o l^-JV lg"iW V W^jj^ W^ 1 ] '^L^alS iLa ^ jij 

jx JJxia U>^-i*i I^Aj tjSlj . I SjjjLJ ji^VI c^^-VI (j-ajU-<aaJt (j-<a*JJ 

.Sji3l ^Uj L-^jI ^tojxii Lax (<juaij ji ^aixll Aj* nilU (^^-J ji.V Sjj 
Sjj Sljj ^jauj ^ujj5j </t ^>jJ Vj Ijjjjjj Jj^jjA^JI Sjj Sljj 

c> J^ 1 cJSl ^ ^JIjILjj tijjj^ 16 j Ijjpjjj 92 ^jjj) jjJI 

.Aa-^IjUoII Aiaijuull Jal jSjaj^ Sji jc jjjj«j UljV . jj^jjAigJl 
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Ijfc UjS tLuju ^>j] .CjI una j ^Ijj ^ \^ajAi ejifl (jSlj :,jVl 

4 Electrolyse Jl>j$£!l JJaall 3 jaUs li^i j JLj$£ll jLnll Jijj 

* f * * * e c 

l>lol£ tjALj L^adx j J ia^V 4 jLnl! Jj^a j Lo^JC . 1 \j-> tillj (jJJJJ ^1 
>AjJaJ^ <n AxJil (_pajxjll l^A J& (jIViUH S-^^ J SeL-kCH 

IjJjS (JjuI^, ^ilt 4(Jil£jj£ ^jjlKj^U Aj unllj 4(J^OLLCj]l I^A ^jIS 

(JLuhu Jill iCjbjjiyi ^ Ic t<Jj1.,<<a>„>i> (jfr 6jUc- ^bljli jjg >"i 

204 



• Ijft JLalSJI f, ja^II jfl J ^^^11 ^Ijil! jj^ajikj CiL^^JI .CiL>^c 
^il! jj^l iAlj J\ AjLoJ Llllj^b j (jJAljJ J^LuJ C-fl^la J£ j 

4ajLji aJjLlc tAjlL^H A <u al a all ^jx ^ Ixj^jjoj (JjVn (jilliJI Ja-^. 

tc-Lajjiall jfi-o ^ ilHiuJ 5iJbjl iAgregation JjjSII ^ l3j&-«j 

jA i^Aawujill *taj^ jSj-o ^^1) UlaJI uJ^Woll jb Aj^jAa 
mi 4 (lAjjjaJ ^tlL^aJ ^LaJl 1859 ^ ^ 

mJU> Lo£ tLpLj^S <jj%.uLA Cjt.<u,uirk ^ t^Lj^S jLjj 

.(2 a. 8 aJiiii jiui) c> j& j^yi J lis* .<> 




1.8 

Ei D jjj jaij B j A (j* JSji iuJLJ thrift i> 4ju14 AjL^I AjuiVl <> V> 
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2.8 Ji*i 

S p\¥utt\ tj&j cAJbu^a uujU) It jj^i SIauwJI j t^jh^ nil AjuiVI <-ujti 

l-jjJVI . 4 jtitg J <tUjL6U AUIU Jfr Juluul f 

4 jtijj oil AjuSiVI ^jJJJ tt-j^VI ^ .uUuil j*j A*>a ui^j! <^jU£Ji 

SQaLU! t A^Lifl ^ilH UajC .Ailufl A^Lifl j^uu* A*Jbjt* j jS J*ij 
Ajuftl fbS jitt) JjUu SjU .ii^ Uaftj Jl££ AjuIV! 

.i^ft jl AiuA* Jalii tUM jU t jUSSfl ^ j^S tAJttJ JS ^ AJa^Jl 

S AjIU* Ajjj ^ J^yaaJL UI ja^j » jJfcUfl l^jmjl Aj^uL jjj^ j £Ull 

.(Steve Weinberg uLiu* ua) 



^ O^J C^^i Aj^>ali (jj^oi^jj .jO^aaIS J^.Jju dL^5 t LiA 

Lftjjj tJaitt ^mjhl w«i (j^ V tAjJaJ^ ^11 AjuiVI fiJ^L-j ^jSj S^aJI 

(j.n£ju.ui Aj^jLol! t-jjjLjSfl ^Ljj^]! £jjfioli . Cjljjj^ I (j-o Lo ^l^jl 
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AjjUj$£1I a w All (j;!? ujL^j jj jl£ ^Kfil I j^-la* li] 

^UL tillij t<jouiaUx-ct j$£jl AjjJaLjlt CjISUI ^hVwub tCjLoJuuaJI 3JjS j 
■ gfltjVi^ ^Ljj^I JtoJtj ^..nhlw J lM a^VI Utf j^jI 

ojj iSji L-toJ ^> 3 j-o 1800 —J J5) AiuLUa 

i . ila&ll Jt t_ilLuJi < . JaSJl JSojj ^lill CjLujuoJI a^A .^la.jjA^Jt 

La .SSM SJU j*Vl jA L£ ^CjUjjI i'u..nlj Caljj c^ul <*-i*>jA\ 

^^A CAjjj5&T^I .Alo jjaju J ^^Jc- Sj^l5 CAijjiSJj lij c^j^J i^j^x-allj 
Aju^Vli AJc j . Auk-sall SjLJI A lull ml ljLj jfLi j LuLuj uLq CjIjjj^ lil 

^jx Ja£2 AjjSLo 3jLa5I Ja ^(JJJ^JJ (JpLujj .^^^j^ll (J^SkXJ l^xj A-o£LaMollj 
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JOD ^Jc Ajjill jx^aixl j S ji c_jLu42k 

d>b jj&ll d^a ^jLo ^£ <j£Ij ! 23 10 x 6.02 jji£ jit 

^ jaj j 3 jj jjl JjiaJ ^3 (jjww» jj ?<AaJI (jx ^J«^l 

3ijL-AA ^ j^Jjjli Aji^aUk jtLuoVI 'l>>^ jj ^^j^ ^ bd bj < 
J ja. j ^Jc (jUjjil 4 \U 11 ujjjUVI ^jlc ^juil 
jjjj ^^JaJ^-cJI AjjjjI AjJaauj ^15 il tAjjLJVl AjjlV^I j <*->Ia. jaII 

CjI^ja liJLiA <jl£ 4 JjLiii LaS clit Loja J&bj £^JJ ^J*^ UJ^J^ 

^Ll j .1 JuilSS 3ilh-o <JaLi <ijLxj <jl£ j .C-JjjjV) ^ (jllauu 

"A mijK" juix J jl ^Ic 1 3£a Jj-^aai 

l^jj ^1 j ojLoll ^jjl^j ^1 AjtoJl Zju&\ *OA Jjj L 
liUuSI ^jia. 4J1 jA L <j£]j itSllj cJjxj V JJ ff'JaJI 

AjaL L^J JL -U£jj t^l jjl c_jjiajJa^ jA j iAi^jjl villi JIS .Ij^jS 
J ^> j3 tujjUall c-icLjajj jl^j JJ JJ »*-iLwSSS^fl I^A 
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t_iLi£VI I^A .(j^aJl ^4 J oil j*J > X) X iAjuJiVl *^A 

X AjujL J ^ <1902 f\c objjill ^ J^jj * >W> J J JIjj <W 
^ jV (jji (Jjj^Lo JLcc-1 J*>>i; iLolc- Aluoi jju VJ ^1 

I jIajA SjjjjLax jIjI 4 1895 ^-C- ^ J^iaJ (^ill ^j^jj j j Lj)Lij£l .^cjjjjx 

Ujxjubj A-ijSj ;^jJalt ^uuoJI cJl ni^'un l Aiu-j UJ^W 
SjAUaJI ai* jj^aS CjjIjI (jJ^ll 4 (JjjjAj Jjill jjc L-bjl <jSL] j tSjJjLix 

»• 

Liul 

^iia jj| < fl^laJI ^ eLjjiil 4CJfl jit I^A JjjSjJ ^ J^A 

* * * # 

Lb! tLua> Ljuljjja (jlS .( ^UJI Cuvier Ajja jS £jLi <>> 



CjUUill aSjo^ qa jiS) c_i jiail ^ Buffon Jja^ ^ ^ ^^ulall ^jL jll 

.1978 
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Ajtjil LiLuj uj jfil Lo (jtfLa ^ AjljuiVI diA J jSi 

djJ j Ajuil <J JjjliJ jSfo ...Ultlo tlSltla ttiltlo y^fljS 4JaJj o 

^> UOLiajl tLj jUj jJilj IjSaj .*Jjj^? 4151c- p^.^l <<ifcll 3 J*^ 

^uoCk £jJajJ LoJj&j .4-i3l jC- jJjftll AajAjucJI dllUa Ajuil j-lx-al ^> j^l jjJI 
difc <( j*iS] AxJiV ^jiiJt ^Jl (JjaiJ 4jL JjJ% tiLij ^ U-lic 

^jLj ^4 ^jiiUI tl896 flc- (> JaUi Ajlgj ^44 dli 

4j£]j .A-uLuj I jhTu ^jjjljjJI ft-^ iill£d^Lj jc- jjjftJI Ai*. 

^U. ^aj Uai&j tC-jjib .£ Audi jc-jjjill AajM (jL Jaa.V 
J giZbJ* 4j4I jc- ^jjfill A^jlli jihllj j^uiU (pLkll ^4 f jjjI jjJI 

^ 4jj^j A^k £ j3 . c^ji Ujlj • jAUa 

UJ J O^J^ f VqjJISI AiLijSI JjjSjJ LpajC j±\ 4+*. 

yC\jui\ iaLij .Radioactivite AjpUuiVt uiJ^I jil .c-xuJI 



-jfcn 
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JJJJ jA C5 _uljja L-lLuJ < JjjfUj 4 jl nM^l (JA tlJ jit ^j-Q (JJS .JJU 

JjUj *1£juj jJjKm <_£jU te.lJ.laJ ^dj]jJI <JUt!Ua ^^Jc t^JJ^ 

. Igljt^i^ dljjiSJI Aa^j^Jal ^^jJa^c 

s « # 

CjlclauiJ J-L-^J AxjuaII J^aI) (jl c^jLo £x Qui .AjjLjj^£]| CjI W Mill 

V L^jJaxJj C5 ^uLUjLa1I j£aJ] LoiLuirv J.JJJ 1 g > >™ J :S.ji»^a CjlclAjiVl 

IjA .J^Sj JSI UUaJj Ut^l j J-aVl UJ^ UUaJ t^uaaJJ 

.Aj^l Qn^jall Asia Aiujc CjVI^ ^Ajj 

SjLill ^1) <JaU2ij jl JJJJ * L&Sl tl^3k JJJ-aj <1jC.Ua L&^J 

t> UaLiij jsi (iiUS JaVl) -iiaJI £jjaJI ^jjjIjjJI <jli jLuaja»U 

(j- 0 L£j^ *LJU JAaaB ^jnnmUll (jl jjt ajjI ^jiil jjJI 



S jjla. tl lIU 4 <^^ L$JJ& U? jU 1$-*juJ ^ij-al j jjS Ub jliuil ^ jU Cia> j^Jj 

i^Uoiyi JaLlil! Jjj^jjj jiw c> 1903 flc ^ •ohj^ Jj^j 

^JiJI (*ja^jS J>) ^jJ^j 1911 flc. 

jA j ^jiil (jiajjl Uj>* t^^HJ ^UlL ,1L<uj ^JjAjajLjll ^j-o ^ j'n r>o 

^a. jloJ) .UiL j Jjai-all ijjjJI Jjliull 
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AjL t^uth jjLj C5 Jxa1Ij SjjoU Cjja^ij c^JjS ^jL* 

c>\j*> (3^^ jK-^ 11 (JjSjAa jjc- tL^jLau AJDLi. '(^jU 

.LiaiAjj Joachimsthal Jl u i iajni l ^j^I jjjII 

AjuijXft Ufljj > rfVl j A^XjJaj ^ill ^ JjJuufaJI I^jujLq ^1 ja! <iUi JSj dJJjS 

^jaa^ ^jj^j '(>ujIj ijj^ul eU*j£]lj ^bjjill 

t j% i nil J^J ^JjjVlj frLall J^l^j Jjls (jJa jx^. 



.H 2 N0 3 j jVl 
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j «*ji«jUu A\ AjaaI jaSi Ajj^JI CjliLSSVI a^A <! CjJU .aSSj 

J ^jWunj cjjjuj Ua .JLjjj^o ^ MC. gill Jja. dlL 

Uua A-oL^JI CjliL^Vl J£ 3 Jj^' .3-am»U. 4-aaLu-* i^Ufl 

^JiS Jjjflj jji-ua ^^yujfi JjjS JUpV ^A ^U^L 

jjllJ CjIaALuoaj JLa&l Lei j SVLloV (jx ^ylc t JjL^I 

^fl ^jj jjfljoll j (joUjL ^l^JVl ^jllnV bLaJ :<ilb (jC ajiA jjli-QJ 

j^tiwJl q^uu (*Transmutation La jjiu JIL) J S jaLLII 

JJjj JjjSjJjI j <jl t * J AjUJI <JjJ=w 6^A .^J^-l ^alic 

.<<! jj^^jt.i o-iUll JS .Alchimie IjjjS 11a 



213 



<U3 dljUjj tJjuaLuJ ^jk Ajc\jlA\ cIjY A\<\y \ ujVI tli^A cLoA ^> jj j^ill j 
Jjaall 4juai3 ^^jJabjll (jjjUi] 4*J*a1I jA-aUx!l J£ ^>>iVl 

jAj tLois exponentielle negative j^u^l nil 

< ■ u >il nj (j-ajll *«^J J^kJU ^ili Cjljill JJC j . 1 Jl^. ixiuu <j^li 
J^J jl ^UajSS JSu^J) <jl£ L^-o j to.!*] ^olJ dj| jilt J^C 

jaC (JjAjSj a>.>h SjAUall aiA J tUia (jliM 4 ^JJ^jj^J ^ 1>>l1 j)j 

^UaJ jtLiB J&A L Ioaj -V^J^ 1 J^ 1 

c*1LjA .A^lscJDU 1^au>I Cilacl ^all to jjg nill CjleLuSyi ^wnln Aj^j 
JjaJb [A] .5Jsul j£-o MuImij <^nJj aJ-ojcII <jSf tAj&Uuij <LuLai iNo^ 

.gJ ...[D] -U& ^ *[C] Jj^y t^j 4B]^jJ 

.(aAjc^l ^tjjjj <1 jJklall) ibh-JI ^jJ^B Cjlji ULrxl j 
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4<LJa3l A-uJxJI AJUill fjio ^ JjjL ^jl CjjL ^jB CjUL££^I 

Jjj^i <U L-iJkluj 4-LoUI S^oC-Vl *V> d jail ^ill JaxJU ^tJLj 

a 

L-iaajl j Jsu 1906 jLouj 16 ^ t^^^jill (jjjall ^"v>j»n :l_Lu£U 
^ ju > » lifcj (JJjJ Igjjjl CjI jIljj JaC JbtJ .t*^ Jill J^c JiaJI 

jl£j J jS&\ ic J jjjfl jjjlj Cu-j j jlS 1910 flc 

aIjaLJI ^ Jfr 4jauiall a 4juil ^AaJLJi tAjuiuJl CjI^UJDU 

ASJj <aj^tx ujUi^ 4 — iJiflJ £>id> a 4a^I ^A^Lail Sjii 4^U. 4 - <3jl . j 
^ jiLftlVl 4ijij 4->j<>^ L_iiS li^A j .(^jjii^l j t-jAill ^ l^a. 
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^ UJ^ C5^J -W^ ^> ? L^jj J ^2 <W AJjSj tf^j 

4_j jauuLall ^ jjJ^JI ^ jj cJa^a. ^jLlujjJ Ig-jl jLjcL Aja>^o 4juLj^£j 4Aj% hi 4 
a 4juli jLu&VLi AaL ^aII tCjVU'^Vl c_jLaia. tjnWy .LulaJ 

^ Ai&i .y&a ja^ ^ jL^l <sja ^ ^Ujjstyi 

.31 jiS 

Sljj <3jAl] AxUx^o j JjjLa (^Jjil) ^^J-^j Jjl ^JJ^jj^J t*^ 3 J '-^ 

*Aj]I SjLoij ^gJacI 4jji villi &Aj£1jl} . CjLc Luij j cIjLoJjoia. jAjuoJj ^JaaJU 
^ jj ilujaa Lo IaU tAjjill Si jill jLojlIuiI L^Jj !(_£.^1 S AoaIc Sj^jU_a3 
CjLojjgoaJI oAA ^ jal: ^^iau lA$i t CjLqj uia. els jAjuo! j CjI jASI (jia*J 

Ajjajjj) j alii liA .djiuo ttlililL ^ tl^juls ilglaiAj 
l^iAiJ ^IS a| tSALJI Ajjj AjuIjaI dAjAa. Aljla Lbi jSlil j .pLjJjiJl ^ 
I^lu^j iSALJI ,<aJijll Jaa.Vj tCjl ojmai 
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£JjjJj ^aJJ <jl jA ViU>n t< fijW ^ CERN AjjjjJI ell j^Jl j 

.Ia j! ^1 djLftlt jj > >&Ti ^jj <j| j 

a^A <J£ jL ^^'un UjU jjll AijLaJ) SjxLsi-<Jt a^A £?J LoOdc 

tl^jSJ j t(1890 pl& Iajj^jj c*Liu jSj ^1) UK Saj^> jaI jt ^Ls^Jj 

jl j^VI LaA^.1 .Jj^ail) JjU jjiC- Jiij ^jUafijx U^jj .Aj^lajllj 

f 

^4 t*Ui <jl£ .(Wj t>ojAi J ^u) tilli c^ill *JjVl tAj 

^"-^ j ^jLj jj&T^I) tilfcj diA <jc aa! jjI (J jjc. .djt jlill 
ialiJ! I1a L£ .a Lff Ic- J-^' {jjL^i« L^j ! jaIa) 

LaS ?t*LuL«UA 4JS ^ cljULiu£Vi d^A (j-a JaJj (J^aJ < LS ^(jijjjaallj 
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^jjiill AjI^J jA-2ai] £ jaoII Ajjiaj ^juoLU* «l j$£ll L^J^^ 

Aia.jp (j^-S c_flj£ :4-luiLuiVI iliuiSn (J-a*J <jjjjljjjflll ^J^ 3 ^jj^oixil 

Jjj^ CjLjkj tl^i^ij tSjill ^jLJI ^LsJ-ill djIiLiu^l iajj 

j t^kJI ^Slj <1L** -lie <_iS jjI Jl 3J**J1I ©AA ^ Aijl .Ajjiaol] 

J^l i^i .Sj^l CjliLi^Vlj a* ^lilt 1J Jill <ii lS^ 

jA jail -GajJa j JlS Lo . jll A-1ajuiLuj LJ Ala. JA°^ J* 

^Ljia ^> c^^-A? 4<lLkil i^JcLLJI 4jlil£&l tAjLiaSllj i^iill ojjkJ 

jib dli ^ lij JpLd <Lj <cJjV) IjIjI^jUUI 
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L-asj <aALouJI ^ I jaaLj JjIaS j 

(J^XJ .dal^JjAt 4 JJ^O 4^JJ^J 4 ( jjxJjJjl£jJ 4^l£jLj 4 VUnHjlj 4jj£jud 

JjU La JJ (jj-il^jj tjpll 4<jM-L H=kV ^aJ 4 J4,> ttJujLo 4j^ cillx 

4^jjflllj 4dja JJ^JjfL 4lLuSlj 4tiLjjLul 4^1jJ J-0 4^uUSLiA ^ 

jl *VjA ojI^a. J] A-pjill Cj\ ojjJjII 4Loj^ 4C_jjuUJ <jl lij Uiau 

QXk Sjgd 4^ Kir II ^Uc-j t^'lhm mi j 4^ Mil l)*^? 4^jooJI ^Jc- 

^jjSjxj cJJJ^^J 4dAiaJl AlluiVt ^J^ 3 UJ^J*^ UJ^ 0 ^ ^j*J .tliljSill 
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. ^Slj ja l£* *jSJj <iLS ^ ^ <4tt b^j "J^Vl" 

(JajjuijaII JJ^I ^J^Jt <J^ <ilLjA <iLi <jj-JJ3 ^J-^l Aj^>lailU 

^ua .AJLall fluent ^4 *Lj$£ll JSj CjUjJ&JVI l^a ^jViWi 

AjL^oII ^Lui^VI (jjuix jj ^L-^ c^jjjjSE/U AiLuU^I 

AjjUk ^j-ft .AjjjjaJjJI CjI mfyall jJu-oioj LqLoj ^t-<u.>u1 1 fl tAjjljj^ll 

A^jjLl ^ . JjJa9VI 1 &ai * Ajjlaj -lei Jfl jl£ jA 

^Ull | JjKj) J] ^Uill jAjJ jjS 1911 plft ^ .U Jja* ^1 »l 

<>*aJ j AijL-n-o .AjL^JI ^ La^Vl ^ AjjLj$£1I aJSUIL i*j ^jSj 
£.JjJ-*l£ ^Jfl jlS ^ill tJjjfijjJj 4lal9 cXiU. jA jj tJaaJI 



220 



.Ajjj^axll ^LjjAll AjjuuSL UujjLa. <jt£ 

CjbjJjSJyt J j^J-^l t^JJAAJjJl tfttjj t J* HO^ll (^jSljSJI ^JAill 

(jjijl jS bUict cAi^j Aloe AJl JjJlau j il$J ja> jjJj j£\ C-jSt j£]l — 

Jj^ jjjli jill US &sl jill Jj^ jj^ djbjj^l LiijlS lit .oLjjal! 

^jiaJt ft jS Ujjj AjlOLsJ UA dboJ ujiaJI (^jS jU t^^oA^Jt 

/4jAa> ^ t jj i±u Jjjj ft j§ ^ AjjJbjVt A^^l^JI Uj .^Lj$UI 
.AiLabail £-JJ* L.J jlL*] Ixjj (jjjtsJ ^>>iVi AjjJajVl Ajjil^Jl£ ^ lit 
_ Jjj^Lo ^Jlc ^ ojjJI t<jJ jjj ^Jls, eljaal! j jSLII .AjJIIo <jjllft]l 

iLli Jtjp La iiLjl ^j^lt Qpt ji ^jj^jp (^j^VIj jl 

.^juoij cltf jll ^9 buo jjuii i jiu^alt obloV JJ> J 

:l_jSIjS1Ij (Jjj^VI clfc^ (>5 J^Ujt ^a. jj 4jt Ixjjj^ I Afrl jiStL 

t Jaajj ^t Alia m< jli li^A 4JUJI u-ubL .UUj^S (jjau^o ujJ^V 1 
(^jjJ^t Jj CjUkjx ^jnnl-nl it J j$S tliL^ jx jAi-«aj jLnll I^A .^Uj^S j'ljj 
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.AiLL <A\j\^ *iA (AjjjjI J\) cA+jAj 

S jill ^ cilli J] Uu^l ^ j^j uijx- jl jJ ujj^ 1 

.43 jU Sjill jL^U ! 39 10 x 2.3 Jjjjjj 

(JJj3^lyi ^Jalijal .L-iSjllJuJ SljJl C-jA2fc.J (jljjJllI 4C Jjuj (jjj (jjljoll 

.jaaL fjajj ... jW^ 
^il jib ^£1 tAijLa^ Si jaj 4jjAjc 4*aa1 ^Ljjiall jAjj jlnj (3^d ^ 

^ujjiii ^aju ^ ^u-j SjiJt f Lji ^ J 

l£ f** J] J^a j^l V -d UuJal j .AamUJI ^> Auil ciLi 

^U^j i^jj iCjbjJ&l] tX 4juil) pflju CjuI£ ^jJ jaIjM d^A 

^.Ijjjiall {ja ^jjiJI <jx ^jV (jlS 4jlj t^CjLajiii^ j-o 4j^ljJjl 

^ J^- 1 ^J^J (jlS (j^J j .S-lUck ^Ijjja 4c.Uk-a j 4j.\jfoll 

jjj ja Jajj .1913 ^ CjVIS* <iitt j^jj ja jj jLjj ljUII tdli 

dip. 4^1*11 ^oi^Ji Ljlcljuij Jj^ <il£L lU^j Cjljili a£ 
4"AjjSUa £jj£ ^j^jjSoJ ^UJ Jz- 4iUJI j 

. JIjj^S j3 jill jjSM jjmfil ^jjljuijl ftj^Viml j£ (jlS (J^c 4jj ttijljSj 
(jjjl jS l-i ^,lVutfl .dAjAak. 4jjJaJ ttilli I jLucI t jA^J Jjia 
J£ai jJajl) SAj^JI CjLLI jl^VI ci^ 3 o^j 

(Si jill ^uJI) CA jl^a JSjju CjIj jJ&W I (jji 'c^JJ ^ -(uj^ 4 9 

Ajaj^S" CjIJaJ J Jli .^Jj ...3 (2 4l Jj&Vl Cjli&L^o 

222 



diU djU V CjI JjuJI oja . "quantifies 

^jx ^sul C_lAJ jAjj jSJj 'J^ 3 c>0 ^ ^jc 
(j^jill 4juIj dJ-la^ 4 <cMQi ^Q^Lol]) ^ I^A 

j£a jbU t^^Ja — HitjS .^Ut ^olJI CjI^U^I ^ 

Aaju<3 <^j3 63J^*]U tCfl^JUd 

^ jjiSj 5JUi j£\ *<Au%\\ rjljfifl <-m*iJ 4^ Jl^ JUJ J>hii 

AjjI \a\*\\\ j>^1'i»,\1 <jx L-flUiai JjiaJj tjL^aJl IjiA (Jj^aflJ 

djl£ diUulIi]) ooa .^J ^ijj^ Lcj^i I^ujjJ jl£ j£\ dlt ^ Ijoc j aSj 

(Jx*L/Lul3t 4-JJjS 6 4 Kjull (jjjljSl] ^tQ-^J (-dtj 0 JlA jjjj (Jj^lftll 



. ^j^I j j^ij^l J*iu LoS <i jjJall 
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(IjIjSluJ J&l lij t< tojJal AiUa ^1) j>iiVirt jl-lo jaJ Jlc jl«lo Jx 
(J* UJJ^J j& L?' . (j*£l*-aJI oUJjVLj JJJ-al! .f-jj^all JllU-ul £a (3*'j^ 
Jc J^xau .<iUa < ■ lUala tjcl 4jSUa jaj 4>hiVl.n AiUa jl^o 

X, 4^ jaUJI <jjill w J elu^ ;w = hi) <il£lj 4£Ac l-a^jaj 

4<il£>tj clulj h jjJall ic-jjuj C ' Jpl jiil S-J 1) 4^^i-ia]l 4a. ja iijb 
tiM^Sj tLAjjjaiiu 4 <Jal<JI ^1 jS . JjjJall cJuIJl L_jLuia. j£-aj 

LoS "5jjiUa CjLjJLuia" J AT. j S^A^q IgjlSLL Jj£j jll CjI jI^aII 

.<4tt J] l^c> bji 
(jjjuLjjjflll ^=kl jlS .& .o jajuij J <iUi j-o J) l-jaj ja jj jSLI 

C-iUiaVl Jc C5 juuLLj*a1I JaaJI JJjLj jl 4 jLojj <UuJj 4 jjpilj^JI 

4%a. j-o Jjj cdljliloj tjaJ ^l^ll JLj JjS .^jj^jj^all j-c 4*» u<r>\l 

jLi .dull <Ixjoi Jja. JLjj$£ JSa. j^la. -lie Ljajl liauj tlulS S^)AUa]l (jl 

<jLkj djl^o Jja> jjA? l?^' ujJ-^Y' j^ilLj j^'j^l J^Ji 
jjjj UjuoLIm - jl LjjLjj$£ ^itSa. ULl*. lij . bjuuialaUsLo lij ^IjIjj 

L-jL II (Jjj ^l Jill .AiUall CjLjJajuia (JjjLLc j^ii bjli 441aaJI d^A Jc 
jj^Ljifill £j5l jA jj jl iluau 1.1*. 4L_jj^au]lj AjjJaill jjj tdjLuAjallj 

.l^Jiljj ^jj jjl£ djjUuo 

j ^Jlj Sjill jjj jSISII Jajl Jill jjShlb ^jAj dli ^tiL. 
AjjLjj^£ a3LL 4(4^) <5LL iSjill J] aSUJI J£uj Aixi 
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(jj j fill \ suj 'LiJ^Q U^jJa 4 j Ajjoulal a <\\^)$£k CjL^^x (JSjuu 

Cjijill j i^jj Sjl jaJl Jx^j ^^^li* a-iu&l) Sjl^pJl jJjU ^LlojS 

<jJ) JjjA lJUoi jSj <iblj3 L >*uu> 1914 ^Ic- ^ .AiUa AjI SjiH 
. SJjJl^. J - <aflj SjSi]) a^A ^cl] I^ujLa IjIajj <jLo.iL <*-ij*jJ ^^juiij 

. jLjoSI (JjjIjSI jlg-a. ^ <U jx-ajiO <-\ ^.j3 tilfoJI .(cAjjj^Siyi 

. jjj^o^s cjj^jl ^ LoS tA^kjL-all ^ IjIjj ^gillj tdLult (j^juoj Lo^ic 
<J*t£ Jll lit .^1 ^JLj^ll jLall a 1 * 4.9 c5>5» 

h.Vn V (j^jJl CAjlj £ihjj£ty\ JaJjQll J Ijja. *dJj Qijj 

JLo Ac jjx Sji AiUa J JJ^ll ^lli .Sju^ AiLL ^ Vj 



. 1996 4 l>*}J^ '*J^' ^lJaJI uj jUJill 4 JUjj JLIlo jlail 

225 



(jS-oJ LjaJ LiA till jill 5iUa lij . JajojjO^ jiuix ^jjJ t^Lull dsb^jj 

cl^uULi Sjj J£] 4^jJa3Lj 4<j£Jj ^jUJI ^jotaJI jl-i*-oj Ji* tl^jujUi 

l QjlirM JjfMdOJ ^-ajuJJ L^jl ^^A t jA Sjil SjJJ^lt (Jji?)I\ S^jlftll / 

AjjI uj^ll jj^Ux!l t flfr^ »n1 ^jjujUaiSIIj (jjJjUjjfill djUa^Xo ^^Jc ( Sul^ajJl 
(jl jjic ^jjjllll jjill AjL^Js ilo tLiajl tJi jjxa 4j] .LaJjIIaj 

^^LacJ jA jSJj tJjVl Jx-aiJI UULS&U ^jll Jal jSjAp 

.[Z] Ajjj I^Lqj ^Jl djb JJ^iyi ^ jA LijUa£ Ij.nir, jjLOJ La 

fjJ^ll 3 ji . 1=Z CjUjJ^II jjic I4J o^jja^JI 3 ji jli liSAj 

>jj ^ ...3=Z djbjjilj fjiiiDI Sji c2=Z ^IjjJ^J 

i» * 

jj^j ^1 AjjjI^II CIjIjIIaII (ja lc ^^ill Jja. IjUa^x djbjjjiiyi a^A 
|jj cAjjjI J^l jSII d)ljl.LcJI oiA jLLSI UaL-ajl ^ »hVi .IfrJik. 

jAjJ ^ JS ...3=T| ^2=T| d=T| (r|) fli J 

cjbjj^lj Oa.jJ 4 1 =T| J2J (jxS .u'jj^l V^*J ^1 dsb lie 
^Loj Oa. jj c 3 =T| '^^JJ^j '2— T| L>*J 
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Ajjj^aJI L-iLJaVl (J-Uj AjoJI a^A AjxSI j ^JU <J ^UaU .IgWi 

jj-ft jj» > *n (jLolk (jlLUaJj ^^JJ^klill ^jjjUaIIj (_£^Jaj]l L_iLnaJI 

LoSjj tAjjaull jxJZ j£\ ^ AjjJaill <<JjU loA .UaaJt 

if 

jjj tfl mjMI j f jJall JjISJI iajt Jill ja jj ilij tli^A 

dsljall AjJjJi] Ujla taJjxLs tJa>jl U tiAj .l^iULlj cliljill ^IjLuj 

JlUa> jA U i(^j^aJt C-iLlftl JUjJ y?l) ^L^l 

SjicLowij l$jlljja>j Lgjlji (JO"^ B ^LlqjS]! L-ij^aa> <j| ^Sl"n t ki 

ujSj ^1 <lUJt Lbjl 4913 {&* Sjj^II <l£^ ^ 1 >jj <a.lj 

Jja. CjLjjJ^WI 4£ja. ^jj jdilil .Ajjja. Ujjj 
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AjjSUa dljjSuiM tLjai IjA *jAjJ Al^ .Ajjlaill pU^Sll SjIaj (jlxJJ Lu3 

.1930 r (e ^ugjl 

jkii i^jsn 4jjUuJ 

^ \ Vilt Jl jLk^aJjui ^^jaIaa]! t4j£ljjfyi Sjjull &JA (J> riij .S^joiLlo 

. dj V Uu^. V Lj AjC JJAJ Ul^jJ <It Ailull j t£fl| jll ^ H C ii^l jll J£ (jc. 

^jjiJLlJUJ U£ j=k 4C^)juJJ 

•£ J^j^ Incertitude 4Jji>«£UI taxo jAj^ I^Aj 

f f f # 

Lsii I^jujI Iaj^. LJlc J^^j t^ljSlI uSLjI£ja11 t jUnV>lj 

.1930 

CjjJI til ^& jib AJS tiUij J^JJ J^P <~M* (J* ^jjj-oOjouo 
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aOA J V] JaJ jlll ^;Wuim ^ clsb jj^jyi j jli CAsL^j 

(jjjJjSWli t4jjtjJa2 CjI jLixj tAjjiUa CjI jUxj Sjill JjAaJ ^A i^A i^Jallj 
C> ^Jc. L^JJ** J-** J O^J Jj^ JJ"^J '^JJ UJ J £ 

Xi j^j v jj jjVt ki. .^bjj&jyi 

<Jjhjj5£Jl AojLqj USLoaJ cJ-^d i O± 3 J* c — ^ ' ^ J^ l£ Jit > uJ I i^jjjjjjSJj 

bUj Aj] ?fLJ liA ^ ^jjj j ujJ^V -^j ---i 6 + 2 ) 

.us 

(jl { jVnnrttt ^ jpjouJt AjlajuojJ l)^^ AJajujJ AiUa jluuj UJJ^V 
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CjLjOjuuj (jSf ijjjla CjS jJ Ia jUL ^pj] ^j£J j t^ju lJjaJI Vl^jlc b 'in>>i 
<SUall ^jjSj <jl i,1>j c*Hij Q^a jL LoJlic . Ap2k ^ J^jlA ^jSjuj ^1 J jxiuj 

ftiA VumM .^UJ^J C5 jJajj^J| jl^L-a^l ikJ jJ 

*• ^ * * 

.IjljSiJ jjSI <SLL jjuoi* jaJ UjUIj ^ jSjll jSajuuo JJC. 

^ ^Sj aIx^J ^^£J <Lej^UI <a^11I tl Liajj2kj ^pa^p^JI <jjju£IyU 

JjU-aVI jA |j\A jjIjj V laSLJI * J^al! j du^J tt^a. Aiix-Ja 

^jau iSjill ^^^j ^L«J» UjJ jlS IjI .(3.8 ^>^l) JaSbJI 
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*, - - iT^. AAAAAA/WV* *' 
AAAAAAAAAA|WW X CT A/VWVWVWW' 
jjIj^ua i ( 0 ) I 



/WWWV " 0 AAAAAAAr- 
IV »® „„ ^AAAA/WV* 

AA/WWV " 0 nnnnnnn 



3.8 JiA 

.gr-Jjxilt jliu^l tlu (a 
.J>U (^t igjjUl <j|r yfl i >»jS Ji"tf\j (b 

4jJaja*xfl till jjll aAmiLu (jSJ j tsjj *<^»-»j V ijVl (jiajpiil 
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^pjl f.\jjJaj\ .^jjaJI lit ejjJall <j/> SjjjS (J*^ 

# # -* 




foLmll <jJjua^M i~uw\\ t^Ljjiall jl l-jIj£JI l^A CjI S^C 

tdi j]t J^Lk <i>K^>x\ll ^jaUJIj jjUxII jx J»£ t^jAxil Jc 4 ^UJI 
Ll Inj^j ^ ill ^3UJI jja ^Sjpj c^qjoG tlulS ebjjall <i^)x^ jli c jjtLJL 

.CjUjSS jl a j^Jkl jK"ijl j j^uilt-J 4 jj£I g <uu>U -LjIjJLg jUa] j-<uia 

J jjtLuiji l^xjfjSI ^all to j^j-ftJ 4jim*iB 5jjiu]| ^ 
jlj 4^^-Luij f J$i* jA Cjfljlt jL AjStJI .^jgixJI li^J LoIj ^JlUj 4 1950 
LafrJl JJ (jjJI jl£-dl Jc cJtijpJ 4 jli-oi j-bo Lagil J& ^jJJJl^k jiaill 
jlj 4^ LaAljaJ j* V jl jfLaj AiUall j AJjill J j 4<la 

IgJS 4 jj£JI ^ jl jfLoj ^1 J^Vl A^jjoJI ^A * jj^ali <C Jjoj 

V J^> uj^ ^ £-°J fl ^ILaJI I^^jj ^Ali-o 

^Aj 4^)A ^aJ) ^-iJajl jl LiA ^ nfl'i £J^I 4AJL3J 

AjjJaaJ . liijl Lo lit (jSaJL ^aJ (jiajafcj <jj ." jUa^l" A-Jjaall jx AaaA) 



.AiLLi. CijlS l^jl jij5 <iUil j 4^aLuJl ^Luiak^l CijlS j^wjjl jja 
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jLujjVI ^jjaJ JJ^J C5^^" ^J>> ^ Ajjiaj J.1>Tl 

^ ^IjH ^1 ^un Sj^li tljj <V» jjbjjja. iilli 

U iiji Cji .(1.9 J^JI jki) fiilli IjLJ .JJ Axx jli 4<<<mJ 

.Ljal£^ LstiaS SjSS jLaa i^j^ hli ^^Jc- bj^.^ I-isI^q 

cjSjjj SjSJI jUiix J£j^ :4ju>nll AjjJaj <jx LjjujLJ 1 j^aic Ua AaJ 

'jj^j o^jVl I^J JjJ J *J^* ' j^j^- 

^ls l^jl ^51 jll .rifiVil JjSj jLoiJI JiU c>bjV! J jL^W 

liA j£] j .<jSLui jl ^^Ic (jUjJl )-iAj t^jJI SJfrli c-ajUj 

." jlui^o Aj^oJL ^aJU j£> j t^jlK^i ^ilc 

* 
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1.9 Ji*i 

.<LiuJi <> ^ jj US SjSH jL»4 (a 



iQ^J^l Auw\\u q&js^Ij* jjc- oiA ^ 1 'imi'il <jaJ UJ^ 

-iS 4il LjjfaJ Cfi^J -'^'j Luma> JSj^J tig-** ^>o'i 

^1 ^ tg JMj ^ jVI J j /bjlS Wj- ^3^1 jL^I u^YL, uAj 
J^' tHeliocentrique (J^iaJJI <Sl>^ 

JA1 I jit nj^J 4 (J jSlt 

jluuJI Jxa tdlil /*dLujjj^ l^*jJa j j£\ tilt <J*^it 4Aj£1s J jl^. 
4 1633 cSjc^ ju^uortll j ^^iJl^ ofj J^aJI (jli 

jlkJI ^jLxfl ^liiat 

US jjjJjc j 4lui jjbJul 1950 ^ 

Jjjxj l^jtij <j£lj ^^LJl^ jlSil inJ JtLJI li* ^ jJI Aj^uII 

\ jSIuia" !>LalA> Ia>L& aLqjJ La jAj tAilj Jjuoj JSajj 



*** 

4 
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jl^J j JS .aS^>^. jt IujIj Jawj^ll ^jlS I jj U Ai^)*x (jSaaII jjc- u^j 

^Vb^jJI 5JI jVj TjSLi U$lo ^Ij ?4S ja. j^fl ^jJjUaill (^U 4 jiJ 
.^Ijj^S J j-aC jl Cjjj < - n vTn t^jjjlLall £jU> (J * , v> j 

^^Jjj J U3 <jS-oJ ^AjjIj ACjjoo j;iiaJ ^J^ 3 ^ j3 U til 

^1 Jlc US JSU t^jVl J«i3 US ^ ^Lk> 

^3 ^xaai c4 > nM ->**i ^> ASj^. (jl t -JaJ .SU>2 CjjIj ji SjjUaJt die jUu 

.^jjtLii A£.Uo ^ill 

<LftSU^oJ U£j I ij |jSl j jj3 dna ^ * ; ^ c5"^' l-^S 

^J.^> ^3 AjI /jjtLijl ^S) .Jajoul (Jjfujjjfl tUiU. ^jjj^aJI ^jjSjU cAjilalall 

US j 4^1^ CjjIj * kcjxx <j]i t^^lx- 4l*UJI CjL£U]I 

(JSjuIj ^^£±j Lijli Sjlj-^ SjUuuj ^Jc. jjiwij U«iSc 4(jl jjl jjj J 

(j« AjJ^jJa 4^0^^ (Jjui^j Ujjc- (jSi^j .^^jgol 

(jtijUa Ajj>U) jji^il .CjUUjVI JS aIjIj Ac 4( ^jU 



•LP 3 J^^ J JJ 2 L>^ J^^ (jj^ C> L)^ J jSj3 ^Ualajl iilljl ^ 
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<jl j-l^aJ U^jtJalij <j^aJ 4 1 A^k o jj ^ ic^)jau l^^-VI <4^jJuoa 

UaIa^V 4 n mill A£jaJl t a.nj UI jIaj <CjjIj ^Ic ^ jj V Ajl Uj 

5x.^)jjj (i j-a o^jLUI Ac^joi £*^>]aj {jl t . co^jliS ic^jou ^oJ ^J-ll o jLiUl 

L^j&^jjj ^lli SjjLLJI * jjJall Ac^uj (JjjLSJj tAjoiij CjSjII (jjJjjUa]! 

* . .. * 

tUl ^j£-oJ . jjouju 4j> jj^aJt (jl jLufrLj iujSjII £joi jju 

AjjouILj A^^pJlo ^jikVl J 4 4£^pJLo jjC (jjJjjUaJt ^^.j (jl JJ*j (jl 

JS jjij Ija j ja CuIj pic ^> jj jjjj^UII <j| ja jjall 

CjUkJAll .<jSLil ^^.Ij L^l^^JJ S^.Lj JL> JJ ij^J AjjaulLj .^-^gJki 

238 



^ c _^i J£ .^jSLjj jA Lj (il^p^J L AJ A^jouIIj J-l^j jjl ^jWimn (jl^* 

.UjLuil CljIj AJI jjSj ^UJ Aju^JIj jlijl ^ ^LjaiJI ^ <^^pJt •^f^ 
.oJ j^j-a JJC, Aillx*]! AojIjII AJaiLill c^^ikl %ja jSlj 

lAjjVtll iSj^ »A9>>i11 ^ L>* ^] I <U i 

.Ajuiij e^^juill Jirrtjnrt S^^Ull AjjLuj ^gicl Sl^xij ^Jj-Ja Jalluil 
i^^jaC wjIj! j C-AaJ jA o^^Ull (^JJ L£ tejjJaJI jLou* J 

^ hull l^jl jSbu i* ^jJall 1 $ » LSj ^jJi CjliLaAll ^hUs b-ijl lit 
AJLJI diA ^ .AijJall (ja jl 6j^.U]l (jx tg mjjj Lu na. Ifr* ajj Lj^ 

(Jx-aL <^a Ail qiaII <jl ^ (oja (JLJI ^ j .^>jSI <j jSj > » 6jj^.Vl 

•L>*3^ LS"k~ ^ Q J JJJ ^° Ail > 'i aII ^A Ac^jJI lil i ^jx^Li Ac-jjoJI LJj-Ja 

uj^ u' S 1J >J ^iuJall 0* J c>° 4^3L1I ac-^jjJI ^jli tilli 

^lioll Cj5 jll jL Jjjill <^A c*Ui ^ £ j jaJ] o^jll Aij^iJI .A^jIj 

LS tL> J lit CjSjII .5lyb3l (> ^ULaSI £&j\\ &a j*a& S ^ILJI 

^gic LJia jjj c^-Uiij ^a^Lo Ai£Jj tAiliax A-aaS tA-i-ojJl SLaJI jSjaj 
^^ic ^ jjjliJI tjxjll Jjl^UI U j^j lit .AjuiLi] ojlaaJ ^ill pLJI 

aJU. iAijjJt ^ILoJl i^ojM Jj-alill 4 to 
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Jjxj I^Aj t^gjJaUll ^ ^laill J^-oLdl O^J *4-**S dL^jVI Lo 

.g. j i rill Ac^)juj ^j*o (^gicl AC-^juj A] ^iul c^l^^lx ^1 <jl jA ^ ml i nl l . UkJ 
^jLoja ^LaJjUj ^jS-ol 13] IIaJjUu <j£-eJ V AC-Jjuj ^A * jJuiall ACJjoj ^jjl 

(jiUAJ UAJC AjI Ljajl aLLuUJ J^UJ (jl O^AJ 
Jjlall qa ^gjjl UjJ jA tA-Jc LoAjc ^^Ic ^j-o ^LLJI 

^IUa ^jj US lij .AjjIj l$jl b jjS 5Jaiij ^ t^jaaJt UojSI j-o AjouIj 
JAaJj ^HJI ^ *j> all t ■ uS J jjl L-ajl LjA .Ail moll (J^lSu J ^ jll J-LaJ 



V tAiLyixj lioj ^llj J£a oliij^l diil (j* ojV J 



V c 

j_L<lj V £_JI jll ^4 rdiiau V jl j] US tlij t j^jjj ciJ jll LiLc 

|j_A jli 4AjjIj]I JLo 1000 Acjjuij jJaj ojjUal A^ulU Aj^j 
aJ i-alill J xj oj — « 1 1 Ax uu ^Sj II jl jSj £a jSA-all ^ jUu j^till 



(JJ^J * Ac^i ^jli t4£.Lui/^£ 100 IgJC-^J ^ill t3^.Ull ^J^- jA 
cLuiAJU ^>iu] I^A I^jjIaII ! 6 10 (j -0 J* tliSjll (jl < - j l«i^ 
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,l£ lij .! j-^iij jtc J&\ ±x ,(0.99999999999) 



U^ljaJ (^Al iSjj^JJl <^JJAJ ^jjMiK;^ Ajj^J Vjl .jjl^iji t$A. jjSI 

yl£ ^jj>"vII d!a> (, fl^ll .1887 ^ t^jjtLii 4_^>^ l^j^ 

Ac^jji LJi Jjjxj ^jjjoilSxa ^jji <J^J ^ .Ajj^all 4a. jA\ Aij^5a 

<(^L-/p£ 100000) Ajuoflj o-^JI Jj^ c^j^ 1 6 M 

Jiljull J^bl Lk^V Ua .I3n.i1 AiLuuJI clixJaa 4ju& 3L*Ij& Aja LjJj 

ULJI CiliJall ^4 l^jJi CikjiA Jih 299000) ^ >^ 



<LU-q A W nil Ajj^ >no (LeptOfl jj^J) Aiai^ Ajjj> nir- o jjw >o j^i ^ 
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V -oU tj^Ji <ja jc <ji jSfl t> >c 6000 J CjJj I^jI 

9500 AiU. ^LSj J I4J 
4jI Jja. ^ JLo 9500 jjiSj UJ^aII uli Ja*j ^ill A^^JI ^Uaj] 

4ft JJg uJl (JJJjl J^aM ^JJJjljJ^ll ^JjSluJI 3jUtt4lUfl I^Aj .4 n>»n 

L$J$ J&u cJ^V" OWjj^ UAhWj** OU^ U^J^ ^ c^'j 

JS1 j iilliS JjSj ^jl jxVl cjli ^ s-ialjJ ^AjouILj 

lllaj&l lit . SaJjoO ^tjj$£ jjl 4J^Vl LxAAi.! t jjSluJ) 

jj ^ "c^j^ 1 " J— SUM liA jli tUA^V CjUa All t^U£ 
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1 ^ < 42 10 ^ 

jA ja. j £JJ J* I^A .tA^. <xIa j <LaJLuiak (AojuU^Ujl^ ^J^j UJ^ L$ 
(Jjsl\ 1 j&ll jaJ Ljujauia ^ LiaJ LLq^Sj Ij] Ij^A .4 junkie all 

£tfj*M ^UiAll ^S>4fl 

.jLSII o^J^ 1 u^j^ 1 ^ (1946 - 1872) uUj^V 

Ajjiaj ^jJASl^ll JJJ^Lill ^jj^jill ±Jl tJjjJdaJI (jjill AjI^j ^ 

oj>A ^j^Ua .4Jl*i 5jajjiaj I^xjajuj hjion <jc ^jiuij j t4 urn ill 

.4iiLo oJjC jlaojuj t>ajVl J^- ^^iu J^VI j .(Ar^^aJI o^A ^ %80 
J-^VI (jjj) ^LuiaS. SJU ^1 <4_jj^jJa 4jjuj <j4*Jjl <■ . lUaJJ t-jS^ll 4Ja.j 

<%60 ^JaS J^Vt I^A ' J^VI aJjC 4JaaJ 4iui Quaa^ 



80 
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^Jc (jUSiLtji LaAifrj .Laic VI AaJjC. Aic. ajxft (jj j 

o j\A J ^SljJt .^)i»VI ijC Aouj (jJ^juoC sjaC -^j^" 1 LaA-^l cjj^ 
t4aja-> . j^jju (jS-oJ ^^uiluil Uai. (j* 

tj^jkj V 6 ja. ^Jl A hi ill .^LttSla^Jl IcUoAjI iilljA *jl £$1 j 

.SjjjjjjJI jpu 11a 

tStarTrek jj^II J mLiJ jb$j| jlS ^ -(Lyj^ 

Ajjjiili JUjjVI CjIcjjoj £a JJ^d tljS^a UJ^ 'L?^ 

.^jjJaU ^pll ^li (ja 

4diix-« CjUjJaljj ej^D A^UJI jj^j ' j^i V (jisLiA ^l,V\imlj 

. J>JI j ijU&l JalW J] ^JJ (JISAjSIjjIs <> Cilia ^ Uai * 
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2.9 JiA 



^j>Q ^caujuu J (j^-oJ .ujjIj ^1x2 A.j > >u!Ij 1 $ > ujS i 1 a Vtr> ^(jjfLui 

acjjo) c tALSS m <aSUJ E <*m <E = mc 2 t j^ill jjjISB iaSIW <j**Lj 
AjI 4c jIj£UU aSUJ j Ai£lt J JaSa V <aH*-<JI *ja ^jj 
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LaSj .4Jj£U ^-Q"uj t4JL&]l (j > a j ^j&a a <SUall ^jx Ljaxj J ^ 

£ jaajai t 4ju^al l a^A c >a3 
\c.j>a <jl ^Jjjj l^Aj . filial 1 L j-c jjiS ^^Ic. (Jji-aaJl <L^J1 

AKAJ ^liJtf '1915 JL* ,J 

Ajl Uudxj H > 5jtjLiJI Aj^aaJI .^jLou /j£Jj fcoA2k^Q \c jx* 

< j -0 gJULlLij (jl <j£-aJ2 tg* jLjjJ tiSliA (jj^J LoAiC- 

U IjJ <3l 

.f> j Lou A^kjJ 
d^A _i AjJjuul! ££jl_U (3Jll*i1 ^j^eiJ lJu£ 

fr^^-ui <J£ . <aLsl1I A jutiill ^ jjL^ajA j&y*- J-ol U^J •ej*-^ 

.(jlKoll ^jajjJu L-uaaj bjCJ tAli^. JjJ ..." S 4 \ > >allj" Lq jJ ^jSij 
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10 



.(jjjjoixlt j ^jlaJI UJ^' cs* A-ukll £ j jail ^aI La> jl j^l UJ^-^ 1 

^/^jj di^ jj l^LSj ^> j^kUL Vj&JL" y^i 
. Acide desoxyribonucleique ADN— 11 <J AaL - Ig-halyno j 

ADN (jjau-oajVi J3J^ U^aJl 

djIjLLa ^1 4<j> aAj j=k cAjjJ^. ADN — II 

dlLj L> £ > <JjU=^» IgKui .^Jji^li Ul-laJ <L-ala djljill 

tiilL. J£ ^uji 1 *- l£ .ftL^ citU^-alt ujjM 'ADN —11 jj^II 

till lj jaJl dJ A . JX+*J)j\ dAjjjaJl (<L*ilu)) AAfui jxj 

<jjli <ljj*-* CjlljzJI til .Nucleotides udJjjjlliiH :5jj£a1I 

9 

^jid .DNA ^j^VU a! >jjj o^jVl £ jji* ^jll c^jjill <>^l * 
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tjjailjuj ^a a uj! jjujKj'il) ojiA <jl Lu . ATCG ^jg m"i )$jami 

.ATGATGCTA .. ApauVi ^ j*tS Lja»j L-kk ^tu] L^jli 

.<juaij i-jijjalLj L* jj udli <j£J j tlil AJLojli aiA cij^J jjtoi 

^jj A*jt£ 4j £jj JS .A^ ^Jl £ jill V] oJuiijill IjiA 

^UiijVl (^5 i^-ujLjoV s ^" 1 Vt jj H pLoJI (jSJ j *Aj -j-aliJl tjjA-JI Aij^l 

tilLoj ,f c_jlj£" ^ Ac jazuz aLLgIg ljj^Lj Ajj£-o CiLutull ©jiA 
Ajui&j j^j t^il^^l ^xjoll ^^^-^ J^J > Mill 

9 

iialiij (, . uSj SjjikVl o^A loji^Jli Lujij jA ^Ijjll .^u->N 
C5^'j^ J^J^'j '^^j 'ALj^ Jajlxk CCA \\\ >o" 3 JJjMtaj Jajla^j 

jxl jjll t, ifr^* JjIaa .cjl^jjjlSjj ^jx dbj^lj ^1 "CodonsJ-ot jjll" 
Aix-^j U 3^^' cr^' I^a :Aj^JI CjUjI£1I J£] a^uILj ja 

.^SjjB j^joll A_ul^jJ 

JIa A-^| sjSfcJl CjUj jaJI jLujVI ^jj Ajl ?ADN 

Aja IfjJ jjS > j» Juaj ADN —31 2**) 1ADN -J) 

jjLjjj ^1 Aijiall ^j^jauj La cAjjIjjII Ajii-ajll 

ja ^ ^111 A^alLj ^jUjVU aJ& j Xpl CjUjI£1! L^^j jj^u j 
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V j JLJI Vj SjUaJl V .Lj jfc <U JiUo JLk 4±=uj AjL Jk£ A^,lJ 

V Cj jJjjll JVI cJ>jil S *^ U^V' ^ cljULL^alubQ 

^aaII tf SuU4\ iljuj^U Ajjj^ll CjU^Y' J t> ^ jib t ■ la n 

Cuok J CjtjjlkJl ^ Sip. c-jj£>1 CjV jU-J l£ j .(MIT ^ jl jjSjII 

Aic Jj^SM (^fla Sjjj^a L-LaJj <jl 4jJjl£lJI £ jWu.n j$i <ADN — II 

*i j±s j bus aLjL adn —ii ^> a 1 * ^ W 

l^-q ^jilj j£j ^1 CjIajj jKull t &*u<JI ^jIjuJI l-Ujujj AicL^us 

Lq l^tj «* uij pistil <il jLJIj l^juAftj AjiJI LqjJ L^J (jli Iaajaju 

^p^)J 4UJjSLx ijiy* t^jjjuijlj :^jl*JI ^tJJ^j ^3 S jjQ^ * l«iC.L-a9 

jjjkJI A^U tADN —11 ^iJ AiaJ ^lJ 

J£ ^^Ic ^aJ Ijj) ^51 jll .i-a&lUa* USLx uapUauAH 

ADN J£l u^tnll jSJ j 4*jujVI t-ija^l Lj&o \ji£ LuLj 

A . <j!)Lal£lb<a La^jI 4^jJSlufaQ Lou] <jL j jlaJI ^jl^A .^13 (J^*^j uj^ ** u Lua3 
(jbjjlaJI .^L 0 ^ 0 l5^^ ojfe uj3^ -^j^ 

^HjILj ^JaflJU (j^-aJ j^oaJl d^A cJijjiJI (_paxj ^ (j£Jj 4 ADN 
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^A d^A .(_£^)Auui Aj| (J jill ^jS-aJj ( _ 5 -ujLuji jA JL^aijVI 

(jj^o cs*^ 3 .Chromosomes CjIjit uolL J^LlIaII : (^^J ADN 

<S$3u it_kcLja^ (jjjl^ (^lc 4ixt£ ADN (j* 

LcA^I t^UcLja* ^jLjiil) ^Ljj J£j^o CjIjxal^II diA JSlju .CjUjjjjJI 

ADN — 13 L-kcLja^ll OjjLJI lJ^aj .^Vl j^Vl j j-^j 

SjAlt lia^V lU^su jSlj « l^J AjLIo JSAj J ADN —II Cjli)> 
liA .^jxlj^La (JSjoU iS^o QjJ j JJ^JU SjAUall tcjljw ii nil 

Cjljt.u^ll djiA JjUjj LoAic LjaJ jbjj t JjLa jA ^ill ^3^11 

AjjUill j 4jy*ftj t5 *^-all liSA j .ADN —11 c> Ifij 4a jjjJI 

.^Vl t> ci J S-^l t> iaij ;ADN —11 AicLkiJI 

Ijjj L_utJj ADN —II AjcI jli djI^Vl diA JS . JjViH <L15 

. 1 LuaJJ j 
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1953 - 1951 o* £*J*** 

liUa .^JUll <J *L j^ill jjU-a c> Sj^i j AjjjU jj^Vl jfa^JI * j5u^3 jalS 

^a! ^sJ j j4l£ JJJJ jlS ujSjII I jA ^4 ?al j>^^ll JJU U 

<^4 Jj^j S jjU> Jli ^ilt t^ljj Jjl AlxJI 4^]LJl ^ fix!) SjUol 

iila ^1 AjlA\ 1$j gtAun ^1 aL^LS (JbUuSV <4jJ ^ aL-oUx ^Lijjall 

cIjLjllj Aj^aJj j2ki til J2^JI Aj^ jj <jt j^ljJ JjS '(^JJ^jjJj Cu^j^ 
jlflVl 'J «(UUi) .^aJ U^l ujSi ^ Sj^l C&ij*A\ 

iillj UjxC JiSjxJ US clIjUjj jjj (j* V *ADN II (j* Aj j£x 

V <lW <<3J^ ^ ADN -Jl A^ j^j J ij dlilj .Ciijll 
JJ jjAJI liA jUJ^ ^SUI jISJI JIj^ jalS J -0 ) jjj 4 "sLpJI 

jjjii^. jljaJl ^ J A ~> A d^^la tLoLoJ 1944 ^Ic- 4tljl jla) S^au cillj 

* 

•l3^ d *^Jj L?js5 J '<^JJ^I (xfjl (j^ 
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La. IjS* , 

'(Ji^ 3 U*J ^* 4J^.jjial j^jljjjS *t£ljjS (jjOuiiljS j& 

Lu^aA UJ^I (j]^ 'fJ^' • ADN— II Ajua 

A-ilSJI ^ tj^il ^ t^J^ulS ^ (JaJj 4<juiflj di5 jll ^ .1.1*. 

^ j J l^lnj jrLuJ ^ I jjU ^ ^ 4&j tADN —I X 
(Lo^jtx ^jiliil] i^jJ^jl ^jjiiSLj ojLj^j j u>^' J J£ ^ 

II Jj-aj cila aJjIa-a] ^gljto ^-alilj La^cliSy Jj^juII jjJ 

ijj (LjaJ (j^Jj (AjIia. Ajla jauiliam cAjxA jlc AuILaJ 

Uju ^Ijj (jiijljjl .QjjLJ! ijia JSUuj ^JUJl <jl£ 

i^taJ Win 

jjaij J (jS-aJ ^jjoS] Ajoil dLlilS ^jl ^JjjS iiL^£ Lol . j 
^Jjaj ^jJa^j iClijll dlj ^3 O^^^JJ ^JJ^ .(<it^-A (J^>laJ l^juaflj 

Lego ^ Lc .c_ficLja^ jjjla. Jii Alijail 

^jjJ>L^ (JSuSu Aj^aJl ^0 (JJ^lnlJ 4 1> ^->"u AJjujLujVI A-IJJ^?^' JJuqIjxII 
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!>Lo& w^l jj dLi ^jj^ & X Aju& ^ >^il > ^-sl £A J tjO^LalS £^>J 

1 *(pj \i ^J^J UJ^'j lU^JM ' J&*J ^jL^a U?jfi& lI*^ 

jjliJI lW I^A J <X Cat AjK A&1 jjx L^l*^ j ^ jaJ 

.ADN -Jl Jj I jjiJ Jli ^ill jA 

(J»*^\lJJ (JjjuuI j tdL^ ^ 4^Jjb L>° ^IjiwJ JjuoC- Axj 

JicLauJI ^jLall juVmlti j .jlLjjJL CuU j3 jji&lja ^iJljjj 

JiJtjjj Jl jl Itilli ^ Jaj^J £jU^Jl (jSij t<aa^Ja3l jlS (jJjill liA 
iiLjSl ( ■ Jail j Ua.j3jj J4flll ^ JjJ^ ^J^L?^ ^Sjtj t^*uSLj (JJJJJJ-o 

253 



dJA jb <] I JJJJJ (jl .Alaji jJ^il! Ciljiui j-Vl L_illaJ 

CjIjLmu ^aJ ^l£]l ^jx-u ^1) Aja.jljjJ ^U^llj Aja^l 

li* jt i^uujla. j$i <iili Jji*-o jjc lift <J£ il^jljj 

Aj^j] jjj ^ jj3 cIjajI ^jaLLo (jJJ Lo c_JjL Jai2 Jauall (jj jlaJl 

(jiaul lg_L6 JSI ^jSj AjV O^J ^dj^Lolo Igil ^Sjxj ^jlS 4<it^a 

J&\ <±Axl\ Ajjiull 4^ jjJu £l jfrl Jjki Ajj^J 

^jl^JI ^UJ| Jiyi 4^jSill J ^xJI tcJill 4AjaI jll Ajjiull l^jlfl ^ij 

.^1 pJ W 
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Jjl^aJt o ^A J I jxj^s Jl jjll l$Ja jx (Jj5 c jLiJyi J] CiUjiw jli 

d^Aj .^Loij JJJI ADN — U o-J .ijShllj .ADN -Jl t> ^ jjjj) 

* * * 

t> .CjI jjjjllull t> jUL 3.5 u^V 1 ^ ADN -Jl JH*j) cLj&J 
a^jj CjLj&J <d jja. J 'J^^ 46 J 3*fcVi J "ui ja.S/r 
lb La jj ( m $l*-u ^yoYI cfi^j '(-^ j * > j cCjIjijj jKyiW (jlijjLo 

Uijfrj cADN -Jl ^ Jl JjI^JI JjjaJI latent <J jJi .ADN 

(jSuuJI jjit j-o <jli tl^j jji^jj JJI 3iJI J 5ijUJI aJVI j 3ijll ^^uij 
4JLa£ L^lfcJ djlutoj ^kx CjVX^ <> A^lit VU>I J ut 

JLacVl JS c<JjVIa^VI CjLjLua. JS (jla Cy* j .4jJ£]lj 

JiC* ADN II t Ji <aftia J^iJ ty^aJ (jl cliclLdJ J3 Ajuilall <jj£j jl JJau 

oj^ J jjSj ^Jl cADN -Jl t<xuaj ^LaVl cJlill j-o Ul> lij L*j*a> 

cjxjll i^bUJl t^jUJI cJjhnJ ^AxiiJI jA ADN -Jl 

:^WJI qa Aj^j jjSS/I ^a L^ajl ^ jjll Jljj Lq JSJ Jj^JI t^jLwtJI 

Jill j tl^o J <auJal jll Ajj^I oi$J AjX- 3 J^^l JJJI J ^UJI 

. AJM Jj ttjaJ il^>JJ J 4 LWjJ^ 
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jjSI «iLS jj^j ^(1829 - 1744) <iljLV c^b <i!U juxj 

iSSUajl .( L-3 j£La> Ijjuijl jil c_ fil^a (jl jj& jA t^^-aJ/ (jJ&l <jU^«) 

j^jj jit jS J 44jaJI CjUjI£1I <J£ J SjSa ^jUV tdli 

^ilajll <. kaJL&II J IaIIII -Laic Sji ^ A^ujIaaj ^jlLS J£u^oJ 1 a$ \c 

3i=JJI d^a ji* ^JxJt j£ jj ^ill «iljLV jlS .1793 r lc Jj^j 

* 

J^J l!^^ 1 j> <al i <aoaJ (jfLa JL>x jAj t^tjjKll jJajll 

/jc- (jjHii iCjljLjjll ^jc Lo-o ^iKIIj ^lLjl sis a j>^j 

«4 jU^U I ^Uuo 4(1832 - 1769) ^jl _ jlS 

4 > ^aLufld^l >(3 ir nlnll jL jll c ft^Jball J Ijtki LiaJ jA j 

I^aiwiI (jlilll) o^awoj <^.LaJ J jxj . djbjlaill ^jjlLolt ^j^ollj cjIjI^JIulaJI 



.1996 ^jLaJlfi- t^jb * 
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(Jfuijj i^^joiJjLJI (jia jail jl jjAaJt clAiJall <jujI jAj AjjSjS 
jli^L i^JJU Jf ^Vl (>) jl 

4JI AjjuuIU clj^l ^ i.^iaij ^1 4_Aa> j] jjaJI AjLkll 

3 jij <aUa ^^lacl to JfL AjjUjj djUV oj^j j£ I^J Ua 

4jU^ ^1 ^ill ^IjUV Aj^j jjj lis* j .Ci jll c*13i ^ IJjjSI JSVI 
cdjbLii!! -Sij^ ^ <J LJUilsU tojlii&l djl&t iilliU ajjj^JI 

.<jjjJjU ^ Sjj^iO ilolill AjJaUxll iLjjiaj !)LlAa. l&jLi <AjudU CUjud j 

^1 ujfll <J (jJbajal idjUV ^inujlj jU. (j^jUll A^ilfr ^ill La 

Jxo I^jjLalc jjjIj tliaj ^IjjSH Jji>3 4<J <ijau]lj ?jjkl]| Aj^>laj 
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j . Jku. jll ^Jahll j 4^JI djLJI jjiuV. 

i ii c^ius jU^Vi j) jji jsh Ait jjsii . ji jj (AJii ^b ^hn 

dJjjJaall jl J& «"4 Urtfirtll <j-ajL-a»JI dujjj" i^Lalc dil jbxJ 44oajolS La 

ADN —II J S> jJI ^L^JI J ^ jlui 4 ADN -J <iL 
-JI .J jill l^iU ADN —SI £jU Cu^Sl Jll cilb U 4<J£i£ 

^jx J±i La j 4 JI jjll l-luu1I dsLu iGermen ^1 j-*JI o j&^j La jA ADN 
djjx Ju^j c^ill * j?JI 'Soma <*«oJI jA a^JI cAjjl£ll 
<4 jUV jlS .^^aj JUI 4 > I Jj Jja. <> JSni cCjjJ V .ADN 

■JUJ) t . badj ^ilt (JJjjl^ (jC- liLaj ! ^ j > o-> Uai> ^1 4^m>ll AjI Jj ^jlaj^l 

.?SjJjuaJ J£l Ja ?jjlaa3l A-jJaJ Sjjl A-JI 

(1882 - 1809) jjjjb JjU 

JjShJb J^IsjII Ajjjki fAjLto <jJjjb JlS bLa .V Ijw Li 
( sSjsu bLaJ (jil j 4t*ljLaV (J* Liaj& (J>*Ai.l ibLo^J (JjJaal 4(Ja£) 

CAixofl AjIjj J idljLaV La£ i^Jjjb l^JC 
Ail (Ji yi ^jj^La.Vl uAaUJI blS.ku.jJI ^Jabilj 

.^yuJall fUkuaVI :L-.LJ j LaLbl Xalc ^Ui Jj t-iLbl <u£Jj 4^^! 

^lic. Jc JjLo^j ^jjill *VjA . Jli LaS oj^La J&Vl jkx^aJ AjuJalU 

^jx JjJaal <^-jbyi jjjJlaj (jjill *Vj>A 4 l>LP^I (jx ci^l 

4 — (Cjbxjj^a) n> JUluI ^ab] jjSI Ja^ ^afjJ Jblbj — ^jjja.VI 
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If 

Ufc?JJ^ (j' J- 1 -^ L>^ J -0 ' L>° W"* • LllnUjI Jli LoS 

Jjjx j jjJal j j£i i ■ uSj 4ij t(jU> Mill jA 

UJj .^lUJI J^a. Beagl ^l^j^ 4 Aj^aL^ jaLu 

Lc£ lLiIjI^IjuiaJI ^Ic- ^j-c Sj-o SjUuju^o iSJQjiJA O^^JiJ 
<J Jftjj U^ljJ 

jji JjliL <J <jiJj ja! y^LuKjKiVl 3..nrtll ^ jlj 

^jjjLo^j 1 o^li^al <ic ^ilj A9j ■^?* J ^ a 

(J*-fll (j& LjIjS j»jlSj t lit O^JJ^ J*** - ' li^Aj .Ai^a]| (jlf>l jJj 
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^ajLa liA j !d,AA AjjA^oXJ lij^ai-Aj I^j^juia ^* < . . .1 

V ^jJI jjjjI^I I jSj l> u^j 'U^ jL^I ^Jj <^V^a ^U^ j 
- 1822) Ait jj» J ij^jj IjL fS cjjjjb tf 1 u>h J VI <J 
UjS Uj 1 1865 pic. -Ujjti Jpjj* M te J ^ .(1884 
J V] bl u£*j V .1871 - 1858 ijU ^ 

.Ail jjS ja ^ilt <.n>»U ^jIjII 

t JjAj jx jjiujP i^n^W C-iaIj11 I^A jSijj <LaJaxx jl ^JLaJi 

jljlL c^jlaaJI (jWW) ^J^' eVjlill (ja^J iAjjL^. tjlS ^ill 

£bj Aj^j jli — pljij^a lit ^A j Laju IfrjJajU JjJ JjVl 

<j-a JjAj^a gVuml . j^VI ^Jjl'j <^)jfi^3 ^ t^SA S^IjaII (jUaJI 

tj^^aj _ JuA ia.jJjJl Ajj^aUJt J-a^J JjVi J^?JI (J ^ 

j — $-IaJ — !1 jA Jai2 JjBl liA jjU J jjjjJ ji^aVl <J Laj ^£1 j 

cdjVl^^kl 4jujI Jj> JjL Lax tlgjJaaJ ^a W"n Q Jjxjj tt$jJa*J 

jpu* t^jLuJt jAj ( jL-ni\ q\ LaJ ^ rtj > u jpll a\\ ^iaJJ LaS 
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« jt^l jL-^l tujSljJ]! ^ciL ^jlill u]^ 




jA&i^jAil JtA-jAU jAiS-jJi >di.jiJ 

till 

j^J 



^ijjc QjSLj ^VjSfl c> 'cijj — ^a"^ 0^*4 

.'Vlijjll UJ^'" ^ ' nji n> ^jic Jjjujj "^ilJI jjjxSI" 4 i rn> qJ .^lijj 

— (ijJ uj^>" CjUU»JajVI :u^aa jjc 6 till j j-o t<t)LJI 

•<3jJ 

II > j-G Aicl i WtA Al*Aui qa A K fc^n all CjUatA^oll AjjLiu ; n->fc j ^AAa J£o1j 

JS .Vwriintt ^1 jjVl <J4J 4 ADN —II £ jil JjLfi iUli 
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^ jl 1 J^Ia. *Ij**i) AljaVI Ale JblLj J$-JaJj ^pajij 

t JunVi L_i jjoi djLJVl oiA jli o jj-b Jjall Iaa JjISjj LoAic j£Jj »(fVl 

&AA .IAa> (JjLjllo (Jjual l^C-jil (JjSj ADN *(Jt?a. A*j ^La> w1a£a SaI 
cj jbkJj 4LSj Ac I jil ^iaau jlxJi £ j& AjIjjII ^Ic jAjj Ia£a j 

>2»j p5 tl865 pic jjjj J jVl AjjiJhU q j-° <^ UAi*i tdli 
t^dJjlSlI ^b^L Loj9 jji-ial CjSaa. Jll 1$ mii AjuuLJI SjaIslaJI) 

jjASlj JjI cilli ^jj^jmj . jlii&VI Aa.1 j AjAaJ <1aC ^Jalll ^>J ^Aa. 

jl IaI J jill (j^-aj lJj^il-j j£L> I ^ulja U jSaIi! .^^ja jA -Ub 

.Ia*> ^jiol AjAslaII lAA jjSu LoAic AjAaoll V ^LojVI 

V cAjI j^U ^>ajlll jll J**j ADN —II jlS IaI <fy 'IajLu 

aJLojj jl il iADN II lAA ^0 A=J j c_flc.L^xo (jjjla* IgXaau 

J ^jjjLo JjSj t^lc ejjLik 4 ADN —11 J& <j>^ll cAjIjjII 
46 jLoij^U AjjIjj]) 5JLijjll jli IaSa j .AillLx CjI ila^a 
j-O-all cisb jjlaJI dAA .ADN II ^> U. jij* U jjLa. 46 IaI wIaL^ 

Lo£ t^g-Ajuoj iAjl jjll jl jjwjI AjjI^JI tdal lla ^11 aAA j cADN II (J* 
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451 i ^-i jA tADN J£ it-jljS J£ <jji lilli ^ JSt jjJI 

dil n>ll JaA9 Cibjljll g^' Jjj-aall fti* 

^jSj 4 JjLii j Ja^jV CjUjIjI l^Ja*J 3J^aix 4 j^VI 

.Introns CjU 

^I.^ViuL <jjj£-o iAjakjJjjull Ajj^aII (jl JjaH u^-s jU-fld^Lj .AGCT 
.Qi£l JJ J£ lij 4 ADN J£ ^nn>11 JilfiM ^ .4it jj 

jjISIj j^Vl U^wi .(^jSjJjiJt) ^aull jl^S JA LjUj^fl 

S^^)Lalt Cj1^i9> rk\\j 4a dLaJj-all £t**uj k*v> JJ^J (J^-Jfl 

J^^" J* - (j^ H CjLoI ajJsuI ^ a jjw > rill cJ^^ J -0 
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-}*J 1 J i nil (jj-AA (jli t^VI ^>^^J '^Vl £y> C5 -ir.J.>.^a c-lx 111 4iV 

J <j| diiau 4 ADN — II 4> (liaj) CjIj^ <j^^ 

ADN — II (j-o LflHj 4<jo^j CjS jJI J J^i^jni I a$ La JS 11a CjI j»u^11 £j j 
^1 jjVl JS ^c- SjAlkll ©1a .^Vl t>j i> '(JjL^j l^j) 

<lo ^Ijj igys^ L-icL-^Q ujjl^ o-« '-^Sa uj^j»" ADN JS 
AJVI ©1a Ja £-o .^Vl A^Jli $1 j^kij <j* i-ajli *l j^J 

. L_)tjS]l < " )Ia 4 > n ^CJOij 

4jjS* L^JJOfij ^A iClljjj^ JS <jl VI * j>j <jl il 

JafJallj IfrjlSx (jl 1$j1c jll CjI jill clll jLLa 4il ^jLtxj tclll ji 

AjjjjaJl LjSlclsLjll o^A J!>Lk tUoAJU (J*J3 tillilj .(jjSj (jl t t v>j duai 

J Sji ikl jj tCjajJ Cj5 j ^ Jt^i^j J ttiljLidllj jljSill J 3Ja*la]| 
11a ^jLjuj ( afaj Aijlj^ll <JLijj]l jli aJUJI o!a J .J^J (jlS-J 

iJjill ^LiLo Jt J <3iliikx t$JS jljaVI <JjSj <<juij J 

C5^^ >^ ' jAuax Jlaj IjlA j . j > /ts l^J <JjSj s-L-bC-VI ^axj 

<jl (jS^j ^cjouJI »1 Vi\\ j alS^^suW (jS]j (jjaJikx ^ K t^LjSI 

o jC-JU Lo ^JU^aJ (jjSj 4JUJI diA J .US 5JL*jj3I ^-afcjj 4A±a£* IjLi^I 
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di j ^j^a t Jj^j jc-I jil DLL Lojj ^jjV j-I^jVI ^^gic 

jJuJI t^A . JaS/1 ^jc Ai j jxx Jjic- S-lJ^. A > nj> ^ Slai j^)JJ 4 

lit ^ajojj j Ida. icjjjij IaJjI£j ^jj tjja^jjjjjjl tJaJI LaJiJkAA 

tX AaJjV AjUJI ^L-^aAj djl^ila LiC-lj^x-al "aJ uu " 1 g ll& L ■ 1 l^a^II J 

.A)*\ uikli AaJjV jl 

Jj—Sj U^jc i jaVt o-o C^Ub. tajj^a. j| jal taAUa. Cjli^a Jj^» 

^j-o IDUajl j .Ida. <xU> JjSj UdJC lei jjl ^.iSj Liajl J^Jj t^iiila 

^^a. jljJi j^IalJI 4j^>laj ^&Juj o o^A j .<joil_Lo JJ^VI J ^UaIj 

4uaa.jp Lg liA j t^Uhi^VI djiLJl ^LuJajVi clh^J tAujjjjIjJl (j^j jSSj 

— S^iUx AjjU^ill CjI jaijll j CiljiiaJt ^ij ADN li ^^»o 

^iujIIqj t ADN -Jl ajj <SLlq& Ajjj^^ "<Jajlc Jjjl ja," L^jj 1 jfllui) 

LaS tAijfliaj Ida. SjJu^a <-ubjUJI ^IsjljaJt o^A ^jj^J LoAoC ^ - aja 11 jjl£lli 
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.^3^ Lbj! AjSlj 4^ jLV I^jc ^1 ^1 jpli]) So^j ^Jc 
ADN — !l .Itkl lU^ ^Jl tftSU L?5Lk JSjcij^^^J^U^ 

UUL^ajj t ^jLaij] ^jjl£J AjIa. jLAo l>*^ Sj^^^xJI ADN II 

^ aia .(LjXjnjuJ! j) ^j^o^jj^ ^ 4<1jLai L^aj Albumine 
d^A .Ribosomes £jL>j^juJIij Mithochondries <l^njXi^JnA t^lo 

- 1 »A till aj .S jiU ^ jLoj Sac jp La£ AjlaJl ^ jLaj Sac- <j| Lo-o 

jui Ml (j-o jaj cfc?*^ <^^j cl^j jLJ- 0 u^^V' 



L^jij^l jinx ^ l^I 4(1901-1821) 
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*u ^ .u JjISjj AJiji ^ si jiii tit .^j^ji ^jjiii 

aJ jSM jll ^ ^jll ^Gene 4-<J£ JjSf ^ Wi..ijl ja> 

^ 4(jS-ol AjjjK 11 CjLluIjjII ^^jj j^^aII JjJau . cLljjjjI] 

jj) OUa-^alLi < - Llfr 3 Ai^o Aj^)ia djJt^a ("rtjunr. £y* iSl jill 

t-Jj^alj jjSj3ll l^j liSLA j .(buyLaJI jjjJaaJ *tjj| jljlL (Jjfc <jl tl£*J Ail 
JSoLi CjLJuj nil d^A JaJ j& jj JfLl U jl >^«kl tOUxJj nil d^A C5 ]c 

SjJajjj Spermatzoi'de 4jj£i AiLj t ilKTi L^jc t^MiWll jjI^JI 

^Ijjl J> ^fljft CJji n^ill (jl iaaib .jJl „.<ih^<i AjJooj $LL&Y 

Jlo (^ill jA Jcj^jjJ W-^J L5^' ^-L>1' CiliLiuSVI diA lIiaCO 

^ k uy II oL&juil j 4 Jib V Aj£J j <_£JJ jAj 4jUjj t ftllj Lj 4 j^ll CiUjl£Jl JjC- 

^ Ua^a 4^j-» jjc. jA l!oc ^(Somatique ^^u^y ^-all <i*j ) Somo 
• Germen jJjaJI ^xu^j j^V Jj^. ^ Jajj AjSJ j &Sl jill Jib Ll>UJI ljJS 

liA ^^lc .ADN II c>o AjjjL AifeLa* <LaLi jA t^Ju^all 

(J J^VI ^-i3l->J 1 ^ » ; CljIjjjjKjMI dljLAaj ^jJa jjj ADN II 



tlui jl Ujuaa. Soma j t^\j jJIj jjlll aLUu Jij chromos 
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JjSj JUp. .ttljjll k^J ^sj^\ ijjAu L£ ...ATGC ...AGC 

Cj\±Lj^A\ :"AjaJI ^a3I" ^ ^1 jjl Aj^Ij jjoaj UtJ^jaj j lijjx* AjjLxjSJI 

aJjJI ijja-JI jIa j 6 1828 ^ 



jj-ail .L» ^ ^jJ Cjljjj-all j diLa jj^o jj^J^ ^j- 4 ^- 0 Genome ^jn*>H 
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^jjLq ^1 JjlSl! j IjjjS AjaJl 3 jail <jC <jj J J^ .^ull I^A 

jli ( *jJalLj .(Biochimie *L<u£jjj]J) Ajj^JI oUcuSJt t^^JI <jjt£Jl *Lhl£ 

Ailla jll AjJjJ £x AjjJiJI frljdftN ^jJt (_>swj ( _ 5 -LaJU jjuj 4^aLa. 

Scorbut jaaJl *b Jj-o ^ AjUjI) ^>-aU. J£A? t^ljj^llual] 

yjj-c tilta. L_jUjjj1 (j^aSj tlAjtui OJ^j^ ^AO^' Li^jljJI ^'^1 (J^ 

^IjjjL dj^kjlL t^ljc .l-j jlluiVl iiilliu^ L». jjJ) J jUSJI 

^iil Lei .Ajj^ uill IxjJa j-o Ig \*y j "Ajjj^J! lark joJI" (jc (. frUVhulj 

# * S f i 

If 
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^ tdUaJi cjIS da^uijj Jlfi tljj tdjjiAJI ejlijjaJI ^LiajSj 

4 j^Vl liA oJjj jUj Ul£ <£1 j 4^1 jjB >oJill ADN -Jl 

<jj^ ^jJI ADN -Jl 11a <jl ttdli J&\j 

^Unjnij ULaC- tillj ^jjjjuj Aj^JI JjxJullj ^jjjSdll Jalxa-oj 

C^lclij cillj JS .CjIjLuIIj CjbljjpJ! iSjfaVl tcLjacVl tA^uooVl 

fcjjaJI j ^aJl JjISU fUl lit ^U^SB clival li^Aj .^jjUojSJI 

A^a. ^ clli tA-ijjjA. CjU-aaj tdJj^> clAjJ^a* .^^jjAjuiVI jjuaixJI 

t JLftxloLyU <LU jjC AjjjJa* LUj 4(_£jiJ Cilia ja» j^oJjj 

S^cU c^ll ^ d jA ?AjLuLu ADN -Jl ^ ?<~^ 

.AjlaJl All 

^^-aJI j£ jp-kAA f Liflj J-**- 4 4^1^ 

t> jjVj 4 ADN -JLs *USVI 4^1 ^1111 U\ ^si 

.(AjjjKjVU nra) arn 
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iChjjjJa oLkujj Igjj :^jLuu^1I Jcliull (JJje tCatalyseurs 
l_l£ jSj CiU^f! oik .^U-jSM JcUilU t^'im'i V ^ i<illj 

l^jj .jjj ...ujluafrl iC^LjaC. tfUafr I^Jl SjUll J£ 4(JUa>VUj 

t> l>j ADN -J L£ udLj cADN —11 4*jLLc 4l> jA *ARN -Jl 

ADN — B aJ tRibose jjjjjII t> jA jUI £ji ^ jai 

!D (> V^j R >«L Uo ^Desoxyribose jji^ujSjVl 'jj£J 

ARN -Jl ^x^aaJ j jj <ha> ^ Ju l<J j c-Jjj£u jA cilli J£ jSlj 

& UjL g?jUJ 4 ARN — A .(ujL .12 JLi jtS) Xerox j^JI 

I^A ( Jl1^3Jj AjLuLu JsaxJ 4 ARN — B Jx^aj .(Citjijj^j <Jax*) riboSOITie 

Messager J^U J>-j jA ARN -J! lij .cJUt ^iSj j ^JjSfl 

.ADN -Jl CjUJxj 
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^1 M J*UJr j^lj Sljill ^ ADN —II a u ^5^1 
J>yujll .Uuj^jIluJI ^ :3l ^jll £jL=>. '(c^jll M) ^L^V' 
<ADN — H (>« l*j^> jjaoj jl axj <ARN II 4(J^1a1I 

.CjLcjjjVI ^'u^l AjjjjjJall CjI rfuUMI ^^JJjll pUn>fl ^ Vrtjl oljJI » LuiT> 
L_JjSjL ^ a i in > n t Ifrmjj ^A L-iLojjjVI ^ U rOj>.i ^^JJjll f J"Q ^ l-^Aj 

gjill jA Cj^VI (> ^xJI ^Vill 1-1A .^Jl ^l£U Ajjj^^II CjUijjjJl 

.Jjjj SjjU ^Uj I jlUj 1960 - 1955 >JI 

CjljjjjjJli .4 rt-s 4Ja4j lIuAj ia9 .e^^-ui J£ 1-iA ^jjjJ ^j^Jj 
AjjfLo ej^^VI clilat^aj ilul£ lil ?L_fl^)^.l jl .jx Aj ^ jL t^rj-s > nil 

jilj <Ul£ cdlii 4(16= 2 4) ^Uli 

a^joL ^pll aJL* Jl M ^ ^ jli (64= 3 4) 

ili aK; JSjIij CjUjjj^j ^ i> <su lij c4 j n^VI ^aj^N 

LijAil 4jujL ljjjI* j^jj ii) ^IjjS J^jiill .^-fl ja>l 

4 ADN —II t> UBUajl ^ARN —II l^».m ^1 lil ^ 

sjiA .^j'li^iMI cliLuLu AjJJjll aAmaJ] a j^J Jill ARN — II .CAlfs jjJ! 
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Myosine <jjjj^ A-lu <S 1 g > j .Sjjjc ^Ij-S ^ CjLnjjjJI 

US CjIi^jjJI dljJZ j£\ tilt ;CjUjjjVI ci^i? f£ uJ^il a^UajSII 
jjUll jA ^ill JjlgJI ^UxAll < ^*J lift l£1 ^U*Jt ^ 

lj£ ^^jLoj^aII ^ all jA (jJ . . . ^-i^-L-tfJI jjl^xll ^ j > >ir> <J£ Aj3 jj^J 

jj-ojill Ajo jS» jjxjj] 4al<«JIj A-iLubJI ©jla Ljj£j 

^ dli J£j J^lt <K liA <> (ilj^j JaVI ^ u^J 

^jjajj^kulj c^aLuo W^^^" <J! ^ K>**iVl (J*^ 

4jj=lA j cARN —II ^blt ^ ADN II ^auj 4Ajj1j-A11 C^UlSI 

^jIj ,4iUa] A^L^J A-JaJ) jli .^Jj ...i±ujJI CjLlLu^JI 

^AJi\ jjcI .^>JI ^iluLal) llu^ JjjV ul^l ?AiLUI 
u^jj^^ ) ATP :aJ^ Aljiaj IgJ jxjj tSait-o Ajjj^J LiA 
JjLujII ^^.1 ^jJ^JI (jjailill .(Adenosine triphosphat Cjli^jiJI 
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l*iU *1>S *i* L lij .ATP —11 l^j^H ^ AiUJl ^tity 

jla l«.K,a feU .*jk» (JjS ^lai^U *LliS UtU JJ3 u 
CL^liili d iA JS .^u ^jWi.rtj ^ *5UJI j>j ATP —II 

.ill j j ...cjU jjsiyi t> l^UjIjj j cIiVjUj jiu ^kJssj 

*^a aSUJI CiV^lfj £ jL> V^j^' aSLLU (jjji^j ^Lkj 

^ <S jw, Jl AjjJiJl ^Lja&Vl J^JGu ATP — II < yiwau j 

. LljLjjjjSjhJI 

tdli J£ .iSUJL ATP —II Ajiiu JS1I j A-o jkJI Jaj fjj j 

.£C-a^)JAj t|>h*U ^Lc^ (JSjUJ i nl n<\ 

^ V jt Ail SSI ^3 aSJJ l^VI 6- ^o^Jl liA JS (£ fl jib 
l^jIS iEchirchiacoli ^j£L^jmmI a*UUj tColibacille 

j pj .h*. aUua\ I^jUuqc tjfilj t<^jjj LpU. I4I ^pll 4 (Nematodes 
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.Ajaljll cjUl jjaJI Jxc. AjII Ujj*j 

b^t> Jo* Loj^ tcii ^gJjl UJ^J £^ (*J*t 1 > N ^Jj£jujjjSl1a1I 

j ml jSj mo cjJJJjj l^k jjjS flic cUjll liA ^4 ."...CjIjjLuJI 

Jj Lj&JI ^> .(IIju^uj ^jSL jl fl*JI Jc jl£ lil Lc jUjjS) Ujj=k 

^j-o (SJ^xIlq 4 ■> > >nl ^j-o ;SJ^*lLo IjiLk ^j-o t£>Uaj| t .YSt a (jlj (JJ^ 
<A\ ^ JSI tdblcV JUij IS*** i4*Y\\ a\\ t-ijUa jll [xli <C jilo gljacl 
.ADN —II ;> J^iJ I^A J£ J ^Cj tbjjloJI JxC 
4jj-> > uJ Ij^l^o i^JunJa ^jjlll ttljl^iui ^lo tdujS 

S j^^M j^^ic- ^jjj^^I jl j^ll jjtij -LliuJ jl Jjjahj (JjS L^-Lk l_l>j 

c> v^ 1 ^ r 1 ^ l ^ UJI ^ ^ 

?ijkyi Alnjj cjihwH JLi jo^ ^ill ajSVI >jll ja U 
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(J±aA\ <J^ ^LSmla cLjacI ^1 t jljuVl Ajj^Ij JllAl ^ ALaLi 

(jjlS Aioll d^a JSj cdli J£ ^Vij dli ^> JSIj ? j^VI 

t jjJaC 'Aolik JS jt L-bS j J£S ^jII AJVI f>J>A jA i^a, 

. 4 A <^ mis 

.Topologie ^jIjjJI 
Jal .jj^o dlUJ ^lill 

^kkj V ^Sll aJLoiJI doa JLo 8 "10 = A 1) f ^LLu 
AIlojI jj l^ijiaj '(jjV jl A^jjiilj t_fi^l j5) AjjLjJI ^bjjiaH JSLajj 
Jjusajj C-Loli to j w ^il ADN II Jx'i^ 1 ^Joiaj tliLsjpSj 

o^A 4 n>C j AijLk lujouII 
^jj J ?<aj1uj diLjj^aJ ^^alj-obll A \ J % ll lIjIjj^aII ^j-bjjxJ 
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L_Jal I iS* ljUII £cj* j t^ulu L£Uj 4-JaJj-all LSUJI Jl \fiml Joa j*all 
.loLiaJt C-fl**j*jj cCjj^JI L5 jaj Lo ctiLi jj«iJ cLJaj] ^ij jl V-Haa* 

JUaJI pial ^.^xj j| a^jJ ...Uiiaj tUI tULiU. tUlib L 

j-a JS jl lilauk (.Jurassic Park ^1 fiJJUJI Jlo ^JxJI 

JSj Jail .^Jj^Jb clsljjiaj] jU*Jt ^^liaj jl jjJ jS] < jS** l^cL^aa jVI 

Lpaxj jl ^Jal^ll j-o c4^2k j* : jjliu (jA*-*a 
^)jj-qJ jjSI ^ada all (JjiaJ 4 j ml ml Ailui Igjl . j^iaJ £-«a jlaJ 

j* jSlj -l9 Ajj^La^ CjLiUj jIjj jl J.u>l 4Jtj t jJJA. jl jjnil 

Ijjj & ^ jC jjjjiaj UjV 4<Uj«JI jAj Lo c*1Ua t^jaJ 

.^gjJI jjl£lt J& V l^I J*3 ^jWu . n jl jc jj^«J jaJ 

jS-a-a jJC ^^joilj^aJI 6j^*^ u) 4 *^J^ • CjIj^j (J-b»JJ jJ^Vill j-a 

^jxj I^A^a i jUi*^ai*La jl** 1 *! ^oJ ^ LaA J^aII j ~ 1 1 II .Lutal j 4 Q ifl^j 

jjSj j3j t jl£ (j\ jx tADN — II j-a CjLqI j£ jl£ J£U jl jS*j 
.ADN -Jl ^Ijj^SI UiLj* J* tfj*VU V j <UV^ J\ ^\ ^il 

t-jSj-all Laj] tlWmj ^ill jA ADN II 'LoLuu *lic. JSU LaAJC 

jjjlull JdJ LiyA>.» (iU j £-a . llaljuaJ ^ill jA p u>rh1l J ^j-all p LJI 
jjS IAia* jVI «!Cj1jjja1I JSI Jc jjaj jl» IAjAjJ JjL 

.lHo US] c^li jjjjj CjUj^x Ljj USSI jSI :Luc jjShB Ija 

j-o liAj .UJc jib ^1 l^J jjJ Aja^cJI Sjill ADN -Jl jli Ij^A j 

. p jj c-^>3l ADN -Jl j* cJ jljSJI CjI jUL JSU UjV ^i^JI j^ 

tu*Li jjjj cjjjj tdli JS 

Usk^l l^jj jjLS Jl 4u^<\ 4 > jx jjj-JI jS-oJ L-iuS .AjjAaJl 
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teliuill jl <aJlauaIl ^ajm II jjjaiij ^1 J]j ^ 

.SUJI J) jlill t> t^hiJ Jl ^vWlSI ^ 4SUJI Jl SjUII 
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11 



.AaJj ,jl Aj|jL2k UJ&I j f jlsJI ^Afil Aai ^ <.o±J)l\ 4jJjA tiu 

.LIS ilSL^ Uk ilA&L-ai Jj\ ^> d^U> ^jbuJI 

Iaa liUl ^ Vaa Jill Iaaj *<>JI ^31S/| I a* liUl .a*j 4532 fi ^1 

. j4Ja*Jl <ujjaall ASjjiall £ ^ Wi..n |J 1$jL (V) lAA 
(jl£ ASS tljJ La SJa^iLu Lpjjtj <j*a£j J j$\ <iAxl\ a jiaaJI LaJ 

.^laJI lIiUajj l^ j UAa. ^llall j j^JIj t jaJI Liaji 
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— <JJ>^ Aj^xj ^Jsujt J13 ^1*J! jli ^^JJl^ J-q IjLjjcIj 

^jjJ tijJj^Ja dj-dJLo .^5^)j£JI e-LjuA^ dj-oL*-o CjjjJatJ LiA <jx . Aj^iajJI 

^jkj jjSII ^ LbJ j^lj cl^joij *Lj^ll jl iaia dlb 

f&jlU 4^jBj tlijLk Ij^ki dikjc ^pll Li^jl jJI 



^ijjj^I ^ jkll bbU Inc. JL^ iu 1*1 — A^jti L jlc r^nnl 
Lie j "4 flhu AjjjIju UjLucIj Iaj^Ljj SUaJI j^J^ ^lullj 'U-^J^ 

^jlaJI J*aL> Jj^Iuj A^jlj^l ^jlxJI J tl-ia. ^UUlc 
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jiSVt <>aj*]l c^ill tij^l t^U-i 

jjuLsilt ^ jaJjjAJ h > n"i £-0 (till J ^Jjjxj 

j^Lo jLS 6400 LyjSft Ujlaa L-L^aj ^Lu .^I^LyuVI iaaJ fj^-* ^t&jlj 
iia c^j flS jVl J-^t ^ I^a) l>o jLS 40000 1«Wr»« j 

.JjjJa (j-oj jllo Aijxj j-ol lifc iSjjXo LpajVl jju ^^la 

jSjx t*UiSj iJjSJi j£j-o U^J^ CS^ 1 jla^ j j tJiVl 

JSLSi jiajl) Jj3 <ja UlUajC ^1 ASjjUIj (>ajVt jlaS U-k-aj 

OjSj cj^AII J i^JI s^Uttl ^ iAjj^-V 1 ^ .(1-11 

(jo AjjAjSLujyi ^au <!i9jxajj jl jjJ <jx AjjjSJI) Syene 

US OijVl >3 < t,ni 

CA jlaikj ^^J^aII I jJjSj jjj-llt SLUt (jj jia ^jj jIS CiS jll tSSli ^ 

^^^Jb jLjwJI (jj-iaij I^^J -^jl jiaa* "Ijjjlc-" I jjl^j 

.LUjj Alia. 
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1.11 J" 

4600 —J tAjjJaJI cjI^jII u-u^ <CjjJ3 AaiS (jjo^ljl 

AjSLia II AjlmuIL UjU. j UiA^o ClS j]| jlS L I OA j 4 jla jLS 

^ ^Lill Ioa ^> ISlkilj .(djSj ^ IS Jm jl£ 6400 ^ Jll) 

JJJ* S^ft <jiJ jLqJ&Lj _ ja£3I jlaS UIaj 
C-jLuoa. 4(jp jajj (3^*^ ^jIj ^ '(2.4 cl^» J- 6 ^ ^-ij>jaA, 

liaLu Ja] .AjGliLJ l^u JjJa. i> £ ^kjlLi jaaIIj (>ajVl j£ AiluuJ! 

CjjIS ^ jVi J <jjs j*j I jjIS Ajj^j^yi ^Ujj jl j^JI Uj-a> 
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^ l^ldjjj ^jll Ajjlajll ^ e^A .JajujjJl Jj*-aJI ilul Jc 3J^Lo 
fcilliSj (JjSL (j»Jurtl jjj ^^joUjji ^J j i u^ jl ^3 Lo£ (JJJJjJ 

Jj Sj&Jt oi$J &.&U ^ tilliA Jt ^jSlj .*S jUJt Ujuuju jJI 

s « 
. jadli I^A AjjjIsuj cKj clHJ^ cj' 

SI 

. >jj i jLficI °360 jBiy "yi jj UUu ^ '^JJ* c>» jVt 
US ft^a Jljjll U^aW lU^j °360 — j ujjJLj ^ jjl 

oOC j (J^jSJ ^kJLaJI d j j jjJa]l LjA j .(2I1R) J^IaJ tL-ijxj 

oLUl ALjia ^ Aijjla & ' J-^C- (>U5I UJ^' 

.(2.11 JS-iS jlajl) ^ S^&tj (oOcUll ^^xj ^> IjUfrl) 

t jLo^LS 6000 c> A ^ jVl >5 l iito'l JJ^J JJOiC ^JJ^LuJl (jjSlI 



.2003 4^k-»j3l jj^JI ^ f jl»J» Mini, nil 
Ja jki. 4_u^ ^Uij ^all j i^jVl iS ^a2 J^a' jll jll JaaJl J jjll Jbi ' 
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Ai^Vi Ji*ill J* '(,5^' t-ifuJI jilj t^l jilt j^LJI ^AJi\ 

<ji£ V 'jAu uj^ c^j^ 1 ^ '1672 pic 
tg JU cjl&l 1676 flc -o^jW c> ^ 

Ijj .g^jS/l Jl£Jt t-»iaJI Ajjk) ^ Win.U CjUa^Xoll o^b JJ*«f\i Sj^iUo 
*l jluiVI JaSI ^xjb tjjj flJL^al L-jiJU O^J^M 



^1) aj;uS R Cujl£ Ul£ <sL*a11 A^^a.L-Jjliuj iaajj-all jJfr^ll jjjlill ^j-uuj V ** 
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CluuI 0±J$\ J\ '.(Jt&xlh & Uifij 4jJjJi JJA. tljUuLS J] IVfimrt 

J <£U j Aj^LJI Ajx^JI lW 

jit, 

J ^Jbj 'jj'j^ 'lPj^ jJL^-al tLujja Maupertuis 

4a jj lufilS tjjiini ^jlVn (j^JjL AjiLJI 4-ixJjl£VI <->Jj3 1735 

Laponie <^#V J UaIo^I :*I^LuTil 1**. jjc j 4^ jS 

JJjla J^J d^LiS Cjaj i JJ^JI J] dttjJa j . jj^ll J J^Vlj 
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$3jjLuiLa l^jljjlaj ^pa*J jj djl£ jjjult .(j*yjL 

CJJ JJ5LJ ^1 t^jjn* ill oJjC JxJ . ^jjaJ JU Jj^al ^t^luaVl 

cl/230 ajL JjL jjj^ u^) I/ 298 — ^ c la, ' nfl ,iA J ^ iai11 ^ 

jlsull Cyj <<>a jVl {j' JJ J ^ C5^ S-UioJ l . (1/576 

AjjUjjiall AjjJaill l^J ^L-a ^ill jSjJJ Liajlj ijjllfi. 4jJj£ itiLj^jS 
j) o^LuJI AjjUj^I JjAljJI j]i iilli .AjjJaLjllj 



jjla jjL l^i ^ 6400 ja. ^ jSiul t^liJl ^ jVl <-i*-aj j bu 
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^4 UjjS ^ij ,1851 f lc jSja <jjJ l^j e lS ^1 Sjj^iB 
t^jiuJI l_j jskJI 13a .1852 file uj^y 'u^'j J 

<j£ A^jLk ^gic ^Ja^ll <_1 )>1l (jU I g u rt-s J ^gjll t ^Hj^ 1 l^-ilc (jA^j 

Ajtil j <Uaij Jj5 ^ 4jujjLoj ^311 c-j-i^JL JLqj J ^j^j i^bjVl 

^^.jI-Ujuj (jail jjJI j"n 11 ^jlj^au (j-s^jVl ^1 Inj^ (jjftrtll 
j JajAs) <ic 4^1 jj J jlau S jS 4jI 4jl jLuc-Lj jIwiaII 13a 
^jU c^jJjjJI ^j^jIjj LaiiJ j .(c_fll£ (JSJdJ <Jjia <lil*J <Laj" UJ^ 
<jJjj <jujI SjS j^. 4jSf j^jS AJa^V Lo I3a>j I JJ^LJ ij-bjVI 
ijx^ll £ * ^'O *° 'fcjjl^ L>^ J^ J-^ uj ^C-l-iM L^J^i 

. \ Inj > a j <jJ (jljj^JI 13a J (jj ft t a 
lg jY » 11 oi l ) C-ijjuj£Jl ^ jIuuJ 4 um j U j <JjLg (J-<3jSM JJ^ -0 uj 

<>a jVl <J^ J^l J t 51 JJ '(j^ 1 Jj* LK>jVI jjJj ^311 

.^jIuiaII L^-Lo JJ^^I L>^^^J 'CiJ^*^' S- 1 ^' J^' J 
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La£ ^bjVI JjJ" 5 JJ^* J^lj lil ♦ (j,n a Mill (Jj^ 

Jl*i ^AjjIaJI a£j^JLj Gyroscope s- 5 j^ 41 jjd^' 

(jtjj^SI JJ^* JjLq d! j^u j Jja> ^ajVl jljj^l (j-aSUll ^JaSlI 

'(3.11 J^) jJ"*»*'B (j-o Ajj^all AiUaJI (_p9jVl (JjSImU Ifrlmaj 




3.11 Jii 



j^jL- ^IX-AjsB ^Slill fcjj—SI J938 - 1920 ^-k. <j# 

(Jt ULu ll AjLjjI S^L^Y ( ^ J-^)) jki 'r-lVI UjLalA. J] j£ju)Ll« 
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^40000 <20000 ajjj c> CjLjjJI ^> aIX, ^ .^jbU 

.ijUyi cJjj:) ^> ^ t*Uij \ jjjmi 400000 4 100000 

. (Jj£j3 jSu^Llg dsULui^. £x 4_aa! jox AjlLg j 

LiJ jSlj ,(%20) o^jV'j <(%80) ^jjVI 

^ 4*51 jll j L yaJ)!\ ^c_Ljuj ^j-o (a.>At_1aH OjolJ Jj^a. <j-c 3j3UiaB 

AjJjVi ^ "Ajflla. fjL" <j2ujfl j££Lia] aj^iil ^u*jN CjLjjj^I o^A Aj^j jLaJ 
^ Agrigonte Ouj*jjc.I dl jla jLS ©^c- Jixj ^gAc ^JaljjJill »l > hjill 

.Sicile ciwoj 
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.AjJJ J^b l g Wij o&u ^1 aISUI 

1&b j .lgm9i o^J^I -LLijJ W- 5 i &au dljUll diA 4ja£ <J 

tphotosynthese ^j^aS j&Hj Aijjxxl! S jaIMj ujjjSB 
.jit- *LLj 

^ jUJI jjau di^kj ;Aj^la ejU^V Suia idjI^pJI g-Uujli 

^tilbj t^j^t ujjS jail o- 3 !) 2 ^ U,#J^ *-^u ul* J^' ^> 0* 

If 

. till jjilll &.AA i ** l W"i liA jx j 

OUa <jj£La <*jjt .lie tdljjijilll diA Lo 

SLaJI JaJ ^jx <JjjSu dljjiillt diA ljusu t*ivyi 4xUJi -Ljj*2dl 
pj-all Ji*) I LjSjS ^-JU-aJ <jL V V Sjji^l a^A t<j^ajVl 
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t^jJalaJl ljuij (j^J t jj jl n > nil 3 jjjjjJl ^^A o^A 

.AJ^AJLoj S jjjS Alb 4 (G Aio^l <> cG <^)iUJI Cijli 

t-J 1 n% j t^j-bjVl aJjS L-jLoA ^^-^ U^^' 

ajbS <jL.tfjit£ a>j li^Aj . 2 Ij/^10 piJl ja ^iBj entail ^jluull 
^tmJ <4]j (> tjLoj o^jVI ^ Aijx-cj ."Lljc. 27 10.4 o^jVl 

a^A . ^xu/^l jC. 5.5 j t^aJI S^j ^3 ^1 iAokwijll Ajc 



.U > 27 10 x 5.873 ^a ^jjB aJ AxuSIl * 

AlaaJi ^3jlla La^ic jpLi aS\ qa jib t^JC- Qij UIlc. KKj 

AjjSJt .AjaIUII AjIUJI 4iaaJl ^ (j**] ^IjC. tjuiVi...) C.g.S Aaj^aS) 

5.5 <^A ^ jbU AjftjSll \j| .^/^l >1 — 1 4ijUua]i ^Ul AjftjjII 

.5.5 ^A aLU-oj I^aIjS Ulu 4(aja1U]| AkaJI) 3 ^/^jc 
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gin mil jj\ J jLucLj t^pajSfl Ajoj <lLuuj C-Lxjla A > jVill 

£ja jaJ J^jj 4jL JjjSII ^> Ajl ^Sl jll .2.5 VJ cIiulJ 

?i_Aifl ^> yj j-all »JA ^A to . ji&J jjS! Uij-a j| <j^jVl 

Lutj JjlojLS 15 L*J& J^j >Ji Uiu JjlajLS 6400 

^.lla*-aj tAjSLiA*-!! L yaJ)2\ l-JjSjjj 4 jJl t^jjaji nT i mj Lo^jc ?£■ jlaJl j 

' SuSa .Ajjill AjjJaill jj^la £-o (3^'j5 <a?^ '^"'^ t> ^ J J 

^^Jc f jL V ^133 fUl jjC. La^jj^j Lo$-U ^Sblt (jioJ 

< j IaaJlJ Lite ijiLA 2u^jll Oul£ lit ^ tluuuull ^jbill (jiaall 

tliljLSl ^> JaJJ "Aj^jT udlJ dlljA <jU c Jjaflj <jj 

CjI ji/ill djl jgJl l$J*ljS 4ij*-o t^fLalLj tJajj^J — lil 

l^JtjJa cCjI jJjjx I j-oi jA jljJ^j A^^>ia ^i)t jA I^A . jA jaJ) 
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* * < 

tu-Luia J*ij La£ CjU ^aII d!a ^ \Vu>n .^j^jjVI LaJ j-ol AjjJajVI 

AjILoj ^LcuJI ^ jL>^Vl oOA ttlAjjioJl j dljLiill . j^Sj 

ClLb -li SjUaJI o^A .Ajuouuill j^L^all Jj^l djUaaJ]! (JZ> JjLjj 
j] ii-£\ jSII J£ L_jisk ^ Aula* ttli j]| t*Ui Jlia *La&]I CiAti j 

l^T^A. (j* ^jajlflll ^aJ ^^pll Ajjja^cJI c_JjLajJl t^JaUlj jjJaLaJI ^^jJajVl 
t^ja. k» >>i <jj^L> Sjl^aJI JaijJall ^jx AijLaJI Jaj^joJI -iJjol 

Lbi tLfcJj .IjjB ^ <±Jaj$\ SjSlI ^4 ^1 jJ 5000 

.W>/nB U j .CiUUSillj cjLLucJI j o^IjJI c> j*&JI ^3L? 

j| jaII (j* jlx 3000 A£Lo-uiJ v tlniroll tAjjlij Ajlnyta 4^jJfrjJ 
t. flhy^ll .AaL-a A ^ il^jfl jiLu aJjLjj Si jli KjVi tAaL^oll 

4 f JJ ' "jb 1 Aiuuil^J 1 g £ ml oj ^^kV S Uala (Jja > jl dljj LaA S^jaJI j 
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c— iV^U-oj l$jt jaxx t^jtnjhl w<o Jjia. — 4_pljj^£ (Jji^. Citable 



O^J* 6 UJ^* (J'i^j> I^Aj .(JjaLaaII AjAjI ^5^"J ^-aLoll 

Jjlj .«Ajl^ill (jc V, tAjl^U jtf UkjIjjisJl 

yu Utfc ftJjaJI CjUjJ ^liujl ^LS l^ip. .£ JS .1850 ^Jl 

,4jjuj (jjAa 100 d-l^jj IajaC- 
(jC jjsu (jl£ tAlui (jjAo 100 ^La^Ls IjjJajfcl (jj^ jl jjiaJl 

^>iJ LbJj t JJ JjUi ^iij (jl£ j^jni jj^I (j^jVl AjI^ 
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.!<> Jfr UlS 41j 
^Sa .AjcUJ^I lJL^V ^ *U "jaK jj^l iLi" rf* jj 
ajcU^I J d902 j»Lc j jjjV j j^j t> l£ jlW <u?j 

jjC. ^Lui^ jjSL ^» : JJ1 <jfil£ Jjjl JIS t^Lllilll Aj^jljjaJl Aj**aJI 

liLolj» : JjI aAs^\ ,«Ujtj^. ljulo Igi^ta ch°j^' 4^ 4 <jw^ 

jliiVl 4> £ >ll :o*& ijji s-iUla «?tdli ^jaj V .£ 

.<> >)U 
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4x»l »>v\] (jSLaJ tdjJ^Jj (jioJ i4l^ (jS-oJ 'cJ^^ fj^^ (jj^ > iM 

j t^jj^afill Ja JJj^U Acl i^i^j (jiaJ jl nVl^L cIcUlijI ^££^1 Ja jAjJai] 

jjc JlxLi ^jjj! jit dlialj .<Lc.lauii] Ji^j li* J£ t> !ia c*l)i 
!>Lti ^jlj^l cijJI ^LL* JjSj ^ .-Ut ^Jj ^ill 

cillj ^jji iaaJI ijxjL^l 'is^^ C)*j$ U^' j^ 6 UJ^ J 

.A-i^jlj^l djl^OU chronologie j JmLn Ac.La-sJ aJjjuj j 

'^^1 .'jjt/ifi i^^jJjJaJI ^J*n9l (jS-ol t CjIjIaIulaII 

ijUjf is j] JjSti ^ 6( 3jI j\ ^ *£j jl cilia 

liA JS jSlj .^Jj... c jUxjj ^jjjS ^(jUjjijJ ijbjjLw t^U^jjjjt 
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jl jjaJI ^JJ^ *JJ^ t(3UaAB ^5-^^ J"^"'"^ tli^A 

djIjUL 4 c> IgJ UjS jy^ll .AjuIj 4_u$-o <^j] 

.4'u,i jLiLo 3.4 -iLo jj CjLnJjVl U^J tAiuj ^jJjiIa 

jUL.3 jUiojl 

LujflJ CjljaS (JjaOJ lAJj^J Ssk l4j*yj] jj^kjl j j)> r>» II Lai 

60 i-Jill ^ jjJx 150 gJlidl ^ jji* 300 OjVl .AjjLa* 
jU^^Li ! JJS lift cjj^JI ^ jV aa^ CjijUL AjuJ ^ JjILJL 

t^JaalaSl jjlalll ^jajJdjj t^^k j] jjJl jjiaJI J^J ja] ^^jLojll Jj^LolJI 

t JjjL Jjiaj JJu-aJ (ja»jfi .Lo A^J <LoL] ^1 ^ill ^^UjVI i^^ijl >"^ll 

Cjlxfljoll j t"iNf1 iQj^VI ^aLk J£jol1 CjjLjj iL t^j-JajS fcl-la. jia 
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jli <c*Ui IjLjcI .^jljjaJI Li^jjfc] ^uaoILj t^^l L>* Jj^' 

^c.^u 4 Aj^. g^jij t^pajVl pjlc pajfc ci^jjj Ajjjjll etjjjall 

^jll JmiLiMI liA A£.Lu^ «i2> JjJLJ (4j-aA! J&Vl jrHu^Vl 

d <^l*-syi 

s 

jlgiSftj <.*it*% A-2uUll J^aJI .jLLxVlj ^Ij^>1Lj Iajjj^jj I^jjjxjj tl^i^ 

(jlj j^Ljjjolt CjI jLjj t, air. ^S^H ^^J^S J 

^Ixjj 1 ^ >'>r- Lkjl j In Mill U, jJU-sus Ajlj^juj dllS^J I jiLo dut£ iLll Lja <J1 

.^ckJlj £ til! (jjj CjV^Luj J*Vl 

jot dji^Vu >v 

LUiU ^ Jacl *1970 - 1960 jiJ J ^Li^Si 

diA jJj jSj t^pajVl f jlc J ^ill tcJl nn^VI liA 

Ajjkj (jiijC ^3 jlS (1910 pic J*-£ Ajjall j] te-Uiiai CjI jimll 
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^ tU j^jjc- <-ftj^iJI Sjlill ^Ll j*i SjIcI Jc j^Ijjj ^jS 
1960 flc CA£ £ .aA^ cillj ^ i^slLiVl 

Lrfi jaJ Ca^j JLq 1000 

(illi t flLJaSlutl JaJ (jx . CjLjjJa I a^A £jjusaj ^joUjj JfLLi ^j^aaaJ L-filjC-VI 

<>JIJI ^> cj^jj^j J910 fUJI 4iLi£l ^ U liAj .^kb J*J 

oLaol CLluj l^-jji A-ijl£^>J 5jj^a -^^>f£ LcAixi ;J"Jfl 'VJ.^J UJ^^J^ U^^J*^ 

AjSI^aII J^j-q L^^l i O*^i Ujj Aj^J^ U*" 1 *^ djAlia 

( tJLaJJI ^iUoN ^cjj^au iiuuo dUaaJ J .^^jJaLalt u_iSaul 

.^jjj^jlIIj (jji^xllj ^jlaJI 
djLu-al jljilol ^jjyuJabaLftB JiaJI U^jc |ji£A 
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Laic .UlU^o jl SjSlill ^Ult JiiaJI jjlj Lu*j^ J^JI 

l^jj 5_bu4i!lj SjJallLo JauuJI J.1U CjljJtSull 

cLiLu^a j* j£-o dltlaJA**]! AjjJajl jl t JjS jf£i 4jI ^^Jb . t$J 4_bjdj]lj 
Sjl^a Cj*La> LaA 44jui4J ^-fijxli j£j>a ejxi^jl i4Jj]jLi 

JjAaJI ^jjiSLau ^^il! cAjunhl it all Cl^ -> > nil Ig-ojuijj ^ull " J jj]) Sjj^" 
•L>°^ JJJ^° -^'j (j -0 » JJ^ ^ 1 4 <vj Vail 4 uluLI 'l* oil 

jb JlLo ^j^ajVI ^» jlc ^ IjL^ol jjji.1 i-J^Ua tlg-ui&j Sj^lJi 

C-fijxj ^1 tc-iAJ j* jj£ Jc- Ail) ^-Jaj <jl tiljJ 6(jJi .^1 jj 

SjSL Jaliia.'Vls Ajuij iSjll 4 j j*. yala j qjpujjm 

^Jjfll (^ill 4(jjjjJpLa 6JJAa1 ' i3L ^ 4 till J jj^H (j^ »U*^fl 



.(j^ia. jUa. Laia jL. :peau de zebre 

expansion des fonds oceaniques = Sea floor spreading ** 
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J a^I j jfi^jVunj dij^a Jll t^juj joSI Sj^Ua 4x-^)juj ^j^USj S^iLu 

S^C 0*J J^iaJ ^-fljjuo Ajjaill a^A jl J^J • W J£?^ ^Jfljl 1^}-^ 

jjl L^o tiljl^J jll to jj^ gjUn^ll dip 4j Jaj J] djl^lui 

.(jji* .13 J^i jt3l) CjIjUD 

Ji*J j 4L-fll jC^I J jjJJ 4-lL-a jjlL^a 4_LJaj^l SjfUl ^iu 

ji*. l^JAJuaJ jJI tS JfJ^ll ^jKj^ all jfi^JI jojuj-o Jc ^Jdajt^Jl J 

^^A jJI tdlljlill .Ajjj^II Jicl jS Jl l^jli j > rVl ^ 1 >>Vi .(j-a j*Jl 

L-kLx-oll J l-lla-a < jJjjj V t^jUi^H J ojj> a {j^l *\ jaS AjIIaJ 

^J-* (jlj ^ bj t^lc 1 Ajlq 4X-bj^aJ JlUlLj tA^JjjaJl (JjaI^JI j 
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a jjjOJ ^jl L-JLgJl t ftlaxAll li$J (j^-S c£J J dsl£jaJ IJ£xjIj 

Jj^jj tj^l -cr^j^j^' c>3^) t(>jll 

iUjljT JS^li t-jjL-aj V J-bLs td^jll 51sli 

A^jVI <alc-Vt li^A j . JjaaU Jjaal JLuj l^ij 

^ill < iUJ ^nnVilnJ JiaJ ^ ^1 jill .(ojLSI *14 JiUI) 

^ (j<bjVI . jjAjuj Jaua^xJI £fk]Lj i^jUx-aJl ^j^a jaj 

(3l«JJ Lo^iC <j& JjJ^xll ^JJ tAjj^aJI 4jJ1I ^3 

.^JjLlLo (Jlaiil 4£ojuj J tU-cuu l{ > aj jiall (jx ic j-o^aJ 

jA ^^aJI ^jjISJU li^A j .Aj^LoLbJ JIL 4 jjiaJJ j Lcj3 U jjuabfr 

i fltia^ j ^L^acVl UJai^l iLLlall Cil j^hlLi JlS _ AjSoxUjJ 51^ 

jA ^LxJl jL^VI ^ill <lo , rffij Au*'JL <Wj jJ^\ j .C-fljlijll 

. J^iSI A^AxaJ ^^aUJI " jA jaJl" I^A Jill j J jaJj 4 JjLlu AjSjxLijJ 4_L^ 

jJ (Jjla j ^Ali« diJ^aJ! ^Ltll jjL t4 j^j^Uja]! J-aaJI a^A ^il 
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(Jjfuj Lg ic j ?4-olc LiJajl ^ djUajl jlll o^A Ja .J^Vlj Lft^-Lo 

Ja ?£LlJ jjl cA^li^U jfibB ja Lo :JUI 

4^131 tillj t^j^ajVU ^j-alikj ^^-wUJj t^^joiLujI J^IJlj c*lljA ^JaiLi 

4^1 j J££ o jjjxaII iAjaJI CjUjI£ J^x jA <(c£j^JI <_£UJt) 

tSLiaJI j-<u] .j£-QJ L_flj£ . ^j^ajSM ^Jajyj ^gic dJlx^]l A_pJI S^Lali ^ ^^J^ 

Jj=SJ JPr* LfJ J^**^ cA^ 1 M^J^' 1 J C-fijj*^ .(J^jVl 

LqIa Ijlc. jL-a jhiauuiSjVl J ^JJ^J 4 U-^J^' *JJ^ 
^J] liA Jlli liSA j — AMJi ^jLiL Ale dlJjl djA^ — jJlj j^jVI 

JA\ cIjIjLuII .^jVI 4j£j*IjjJ 
^^lll ^j^ajVl *f I Cj^L-flj ujI jl j> <aaJlj LluJafr CjIjIHI .j^Lllj 

^jjUl ^j-Q JjIS ^^jjj J>^>^ ^lijL^a pI^aa. 

304 



^LSi Ail Jj 4i-J J £-ULll t_bu^ ^jj ^1 'uiJJ^ 

-lie Ail ( jUaVI I^A ^j-ojJa i jyuxi2 <j^a»J .A_utai ^ jLujjj A^J j CjI jIlL' 

. . . Llj j . A^ jjJI 

J Jj^jl ^jJi-V! d^UI ^jj ...Lie V^J* t^j^Vl c> 

Ijji U] tAjjVI L^IU Jl AloaJl Sjlc] Ja«j diiskj J&Unui 

4 J&U J&\ 4 J^J ^1 bj&Jl cLbJ J£\ IjjJj 4*1 ^xiaiJI CjIjUU 

SjS" 4t^tL^a9 (jVI Ala JJ-ftj (jl < ; v>j 4JJAJ01JJJ! ^ (j^J 

A^LouVI CjUjUJI Jxa^o t> AijUl l^jj .1^ ^jaj "Ajj^ 

jji^jjJI jljjLi jj -ajW^ W^- ci^l cP^'j 'tjljlSB J£ 

.Noosphere 

A_ijLoJ ^ya lie j tJjS Cjl jULc Alui 4 j;iiu) jilt 1 JlA 
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Ajjja <jx JaLjlaj l^jj^pjj JtilLj AjjjII Jl^LsJI (jLu^j^M u]a 

lIl^J ^(jjJ^Q AJlJ^Q ^0 J-oLxJ Aj^XjI! ^^)JoLJJ itlll^O £Jjl di^lj 

jrl j^Vl ill j toUJI cAik* :AjjUJI 4^ jl j^l ajjUD 

JJ j*JI d^A .(j^jVl JjfoufcQ ^cjjIj J^au jC t^cJI ...djLLiJIj 

bji^ jjjr"h.» L^jji t^jjiluJl (JJJl>Lo ^ Jfr UjjjIj jjjC-1 Lo lit j]l 

J^lc jjSlui Igj ^ t jLuu'yi (j jimLoll Jc dsl jjSfcill 

Jc j tilli ^!>L^aj (jS-oJ L-flJ^i c_JjaJI lilj j 

1 jia.jljj^jjjjijVl xJt f \c ^^j^ jljjaJ JjiA^ £-*Ljjj jA I^A 

Jlj— j 1 0 ilil u>>j3j SjiiS lIjV jLooj tUl jjuL LaS ...Antropogeologie 

. . jxj Ajuaa . . . AxJI t ^_>ajVI f jJc J cIl^jI] d JjliS ^ j t ^ll J^QJ AxjU 
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4L_ul^ ioUaJI jIjjJ l3J^ fj^* 
^i*JI S^olix . <J£ ^jjjjju Ul^Lo UjSIj 
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5 Laj! ❖ 

6 Uajl f^jlUl ❖ 

7 ufl>» ❖ 

9 * 

13 fJUll CA jilt :l J-*iM O 

14 jtiawJI >WtIl JjS 400 A1a ja^ Jfr 

16 CjIjoII jkuij 

18 !S.*UI Sjill 

21 asm isjjJ 

22 AbUlo Si jUo idjlijjaJI ±± (iJjiB 

25 ^iU^ll >> Jill 

28 ajj^B jiB J«iD J j^j 

29 W-?^! 

30 cjJjJ 

31 Aii*jJa]| j AjjSII CjUaLjJjVl 

34 ^JJ^ 

35 ViljjljojUl 

37 fUa&l ^jL* :2 J*U O 

37 tjiuill AjILj (jlliJl oj£ 

38 fL-Jtfl iji-j ^yic, 
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40 fL^Vl iJu^jA 

43 fttal <> ^ V 

45 ^iJLoil lSj^ 

48 d> jLoaB c^jif^^ 'clHj^ 

49 cMSxall 

• «, 

56 o° 

58 jjjii U 

59 ^1 j£ CjL^j ^jhu^i jUai 

67 f :3 cMl O 

68 <py^\ 

72 dl ^tui>j <*->L*. 

73 JjlVlj 

76 j\ = + o**#\ 

80 sjU 

81 ^IkSLo.V! 

84 C-lj^ioJI Q*i.A Mill 

86 *yJa& 4C ^oj 

88 Jjfcl 

91 4j>a*-fl CililiAlt :4 J<*UI O 

92 4^1 jS 

93 ^/M <^ jB «Al J i^ja-ll dfiJ 

97 ^jij >S3I 

100 £ Jl*Ji 

101 4j^j£ 
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102 .1 jjjSjG 

108 

109 ^SLiill i^U jiaJI Uu*. 

Ill ' 

115 CjIj^I 

116 ( >jH *\ZJi y( 

117 a!L>. ^ jjjS 

121 A2*>^ - ttlri jm :5 J-fliU O 

122 J~l 

123 ^IjJlfc J) fcjJ 

126 ififl 

127 LcLiJI 

128 cdlaljj^jx Jj 

129 sjUI AJiUI ASUJI t> 

131 TilLLD ^Uu jA U 

133 f Wj*^I »i* :6 (Mil O 

135 ^bl ja JoilSx. 

138 ujj^V' 

140 AyyUii «ll 

144 ijiB Jia. 

146 ^Jalii 

149 ^akUi-l SujtiB 

151 ^Vji-B 
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153 UUajpjJm 

154 AjcIju^iII Sj^ll dLlcij 4j..nhli»,ftlj$£ll 

157 AAi^eVl *JLJjM jU^jl diUji* 

163 1£j>J 

165 ^>it J jS> **** (j* *&*1*aXi :7 J*aU< O 

166 cjVU^VI ^U* 

170 _ oVL^VI ^-^i* 

171 j^UljSa 

173 ^j^l j ^ ^ CjVI^VI ujL** 

175 CjIjUH 

176 ^jill *L^Y1 fJc ^ku. 

179 JlkJI ji-JI 

180 AjiiJI 

183 ^L^VI *L*£1I 

184 ^Ljj^l s^Vjj ^UJI ^1 g-U^i 

1 86 j^Vl j 

190 l^j^ 

193 jtiJfrl Jala ❖ 

201 ^jill S jjS» :8 (Ml O 

202 "4^1" SjjII ^ 

204 ^ ^j*^ 

208 V^ 1 ^1^1— J ^ 

209 CjbUjJ! aL^ cjljjm^ ^^kl ^ 

211 tfjW - v-ljffl a-**! 

326 



215 ijjai si >B ubLsasa 

217 Ijjj V ^>jail (>q j£ 

218 u*J^ ^ > r?> * 

220 SjiB jiu * j^J! 

225 ^j^JI aSUJ 

226 J] fcjJ 

227 CjUj> j CjI j3 

228 rr.. ^Ij^l 4»il£xJI j»J 

229 «UJ-oLr>U. 

230 jj^U! 

233 ^ f^i J* :9 O 

234 ciM 

236 JlkJI c^tuSil 

237 tfj£j-B uUjjB 

239 ^ Cjs jll 

241 Ajj^I 

242 SjiLJ 3j.«jUtt.«JI 

243 cMj^i a^U^I jJ 

244 aSILj 

247 SLpJI :10 tW» O 

247 ADN jVl 

251 1953 - 1951 t> jr-JjUS ^ 

254 j^l 
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256 -S^jSj 

258 (1882 - 1809) jjjjb JjLS 

260 HI jjJI fie. 

265 Aj^j] jjj Cjljila 

266 AaA. ^ jjj "Sjj" iAjl-s II 

268 jL-Gul 

270 (^jaJI (iH^ J**-^ j (^jj ja. J-ML-o tAuliJI 

274 JiiSI J| l>j£J1 o- 

279 ,iV>dl - uijVl :ll J-aU O 

281 jVl J&i 

287 ,. o^jVt iSja. 

289 <ji^ j^xo Cil jjj 

290 

292 u^jVl ^ 

293 2ui _piS jVl 

295 <>jVl j-c 

299 JLSj-M (ji jVl 

303 c> jVi - 

304 
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